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The Tillamook and Kilchis subbasins of the Tillamook Bay watershed (Oregon

Coast Range) have differences in geology and land use history and, therefore, varied

environmental conditions that could affect fish assemblages. Fifty-two randomly

selected wadeable stream reaches in these two subbasins were surveyed for stream habitat

and fish assemblage composition during two summer field seasons. Data collected were

used to identify environmental variables most associated with fish assemblages,

determine major predictors of fish species relative abundance, and test for any differences

in fish assemblages between the Tillamook and Kilchis subbasins and among three

stream orders. Eleven fish species were encountered, including four salmonid species

(Oncorhynchus spp.) and five species of sculpin (Cottus spp.). For three sites visited

twice in both field seasons, variability in fish assemblages and environmental

measurements between sample years and between early and late-summer visits to sites

was low. Fish assemblages differed between the two subbasins. The assemblages in the

Kilchis subbasin contained higher proportions of trout species, while the Tillamook

subbasin assemblages contained higher proportions of sculpin species. A breakdown of

fish assemblages by stream order showed that different fish species dominated the

assemblages in different sized streams. With data from both subbasins combined, trout

species composed a smaller proportion of the fish assemblages in larger streams, and

sculpin species composition also varied with stream order. Results from non-metric

multidimensional scaling ordinations indicated that substrate type, stream gradient, and
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variables related to stream size were the most highly correlated to fish species relative

abundances. Multiple linear regression was used to assess the usefulness of an

uncorrelated subset of the environmental variables as predictors of relative abundance of

the six most common fish species. The environmental variables were good predictors of

relative abundance for some species, but were less successful in predicting abundances of

entirely anadromous species. These results provide valuable insight into fish-habitat

relationships using a fish assemblage perspective and incorporating species, such as

sculpins, for which there is little existing information. There has been recent interest in

quantifying the effects of human land use on stream fish, and these data can be used in

future studies to explore potential links between important environmental variables and

land use practices.
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ENVIRONMENTAL VAREABLES AS PREDICTORS OF FISH ASSEMBLAGES iN
THE TILLAMOOK BASIN, OREGON

1 INTRODUCTION

Many studies have focused on the effects of land use or other environmental

factors on a single fish species (particularly salmonids) or several species of interest, but

studies focusing on the relationships of environmental factors to entire fish assemblages

are rare (Reeves et al. 1993). The abundance of a single species of fish may be a

response to environmental factors, but also may be dependent on the responses of other

species. Multivariate analyses of entire fish assemblages allow us to see which species

tend to occur together and which do not, and then correlate environmental factors to

trends in species occurrences and abundances. This approach shows an additional

dimension in fish-habitat relationships that may not be apparent in single-species

analyses. Reeves et al. (1993) argued that a community (or assemblage) perspective may

be necessary to assess the effects of timber harvest or other disturbances on fish. With

entire fish assemblage data, fish species can be studied both as a community and singly,

for species of interest.

A combination of environmental factors influences instream fish habitat, which,

in turn, influences fish assemblage composition (McMahon et al. 1996). In many

systems, instream and riparian environmental conditions are the result of both natural

processes and land use practices. There has been recent interest in quantifying the effects

of human land use on stream fish. However, before we can understand the effects of land

use on the fish species of a watershed or region, we must know which instream

environmental variables are most closely associated with the many aspects of the fish

assemblage(s) of that watershed/region.

Stream ecosystems can be studied at many spatial scales, and different

environmental variables may be important at different spatial and temporal scales

(Frissell et al. 1986). However, it is often time-consuming and impractical to conduct

studies at many scales (Dunham and Vinyard 1997). When the constraints of choosing a
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single scale for monitoring are acknowledged, studies on limited spatial scales are useful

(Dunham and Vinyard 1997). Ecoregion-level studies may be too coarse to reveal

variation in fish assemblages. Therefore, local landscape factors may be better predictors

of fish assemblages (Maret et al. 1997). Site/reach-level studies may be too constrained

to reveal large-scale patterns in fish assemblages within a watershed (e.g. longitudinal

patterns) or too coarse to reveal habitat-level patterns within a reach, but they may be a

good compromise when a single scale must be chosen for study. It is likely that there

will be correlations between fish assemblages and environmental variables at the reach

scale, and environmental variables may be predictors of single species abundances at

these reach-level sites.

There is a growing need to understand fish habitat relationships in second growth

forests in the Pacific Northwest (Beechie and Sibley 1997). While there are existing

habitat data and some information for salmonid species (Section 2.2) in the Tillamook

and Kilchis subbasins of the Tillamook Bay watershed (e.g. Follansbee and Stark 1998;

Oregon Department of Fish and Wildlife 1995a,b), there is little comprehensive fish

assemblage information for these streams. Therefore, our understanding of the

relationship of fish assemblages and environmental factors in these subbasins is limited.

Many human activities in the Tillamook Bay watershed, including urbanization,

farming or grazing, logging, road building, mining gravel from streambeds, and historic

removal of wood from streams, are listed as factors contributing to salmon decline in the

Oregon Coastal Salmon Restoration Initiative Conservation Plan (Oregon Plan 1997).

The Oregon Plan also states that, currently, many coastal river basins lack complexity

and large wood in stream channels, lack off-channel wetland and slough habitat, have

higher water temperatures due to reduced riparian vegetation, and have lower summer

flows due to upriver retention or withdrawals. These and other factors may be affecting

salmonids and other fish species in the Tillamook Basin. Moyle et al. (1986) noted that

salmonids are usually associated with high quality water and habitat, and that native fish

species predominate in undisturbed habitats. Given the substantial range of

environmental conditions from both natural and human-induced factors in the Tillamook

Bay watershed, we should expect variation in fish assemblage composition among

sample sites. Most likely, some of this variation can be linked to environmental variables
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measured at each site. In a study conducted on the Upper Snake River Basin, Maret et al.

(1997) found that stream gradient, watershed size, conductivity, and percentage of the

watershed covered by forest played the largest roles in determining fish assemblages at

stream sites 100-500 m in length. It is likely that similar fish-habitat relationships exist

for the fish assemblages of the Tillamook Basin.

The objective of this project is to analyze the relationship between fish

assemblages and environmental variables in the Tilamook and Kilchis subbasins of the

Tillamook Bay watershed using data collected following standard protocols (the U. S.

Environmental Protection Agency's (EPA) Environmental Monitoring and Assessment

Program (EMAP) protocols). The Tillamook and Kilchis subbasins were chosen for

study because, based on differences in geology and land use, these two subbasins

appeared to provide a range of environmental conditions. I used these data to address the

following questions: 1) Are there differences in the fish assemblages among 52 study

sites in the Tillamook and Kilchis river subbasins; 2) If fish assemblages vary among

sites, what environmental variables are most strongly associated with this variation; 3)

What is/are the major predictor(s) of fish assemblage in the subbasins; 4) Do fish

assemblages differ between the Tillamook and Kilchis subbasins; 5) Do fish assemblages

differ among the three stream orders sampled?



2 BACKGROUND

2.1 Study Area

The Tillamook Bay watershed is composed of the Tillamook Bay and estuary and

the five rivers that drain into the bay: the Tillamook, Trask, Wilson, Kilchis, and Miami.

Over the past century, each of these rivers has been subjected to differing degrees of

environmental alteration, much due to human intervention. Human-caused and natural

disturbances include dairy farming, urban development, timber harvest, flood control

efforts, gravel removal, stream channel alterations, and forest fires. All of these

environmental impacts potentially affect fish habitat.

Recent impacts on the watershed began in the 1 800s, when fires reduced riparian

cover and increased erosion (Coulton and Williams 1996). Again in the 1930s, major

fires altered the landscape, burning half of the Tillamook Bay watershed. After the 1930s

fires, 20 years of salvage logging delayed reforestation and increased erosion and

sedimentation (Coulton and Williams 1996). Also, as more people settled in the

lowlands, flood control efforts intensified, including dredging of channels, woody debris

removal, and levee building, all decreasing the complexity of stream channels (Coulton

and Williams 1996) and reducing and altering existing fish habitat.

Strittholt and Frost (1995) described the Tillamook Bay watershed as being

dominated by fire recovery in the east and clearcutting in the west. The Tillamook River

subbasin, encompassing 14,645 ha, was cut at the rate of 304 ha/year between 1974 and

1986, with 22.8% of the watershed cut during this period. In contrast, the Kilchis River

subbasin, encompassing 17,068 ha, was cut at the rate of only 35 ha/year between 1974

and 1986, with 2.2% of the watershed cut during the same period (Strittholt and Frost

1995). Between 1986 and 1992, another 11.4% of the Tillamook subbasin was clearcut

and 1.3% of the Kilchis subbasin was clearcut. Strittholt and Frost (1995) concluded that

the entire Tillamook Bay watershed (all five subbasins) is dominated by young, second

growth plant communities as a result of fires and logging, with continued logging in the

Tillamook River subbasin.

4
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In a 1994-1995 Oregon Department of Fish and Wildlife Aquatic Inventory

Project (1995a, b), six streams in the Kilchis subbasin and four streams in the Tillamook

subbasin were surveyed for qualitative and quantitative habitat information. The

summary described the Kilchis watershed as a high-gradient system with steep hilislopes

prone to mass failures. Sixty percent of reaches surveyed had a record of a past mass

failure event. However, gravel availability and quality throughout the subbasin was

good. Land use was mostly second-growth timber. Riparian zones were predominantly

red alder with few conifers (Oregon Department of Fish and Wildlife 1995a). The

Tillamook subbasin was described as heavily harvested in the upper watershed in the past

50 years and impacted by dairy farming in the lower reaches. Over 60% of the stream

length surveyed had cattle grazing as a major land use. The lower reaches of this

watershed were low-gradient, but the upper reaches were higher gradient. Oregon

Department of Fish and Wildlife (1995b) reported some of the highest in-stream levels of

silt, sands, and organic matter in the entire Tillamook Bay watershed in this system.

Most reaches had low ratings for gravel quality. As in the Kilchis, riparian vegetation in

the Tilamook subbasin was predominantly red alder (Oregon Department of Fish and

Wildlife 1995b).

2.2 Existing Fish Data for the Tillamook and Kilchis Subbasins

The Tillamook Bay watershed is home to five salmonid species: coho salmon

(Oncorhynchus kisutch), chinook salmon (0. tschawytscha), chum salmon (0. keta),

steelhead trout (0. mykiss), and cutthroat trout (0. clarki). Nicholas and Hankin (1988)

described fall chinook salmon as the only "healthy" anadromous fish run in the

Tillamook Bay watershed. Chinook salmon and chum salmon are the only two of the

five salmonid species in the basin that are currently not warranted for listing under the

Endangered Species Act by the National Marine Fisheries Service (NMFS). Coho

salmon were listed as threatened in 1998, and both steelhead and coastal cutthroat trout

are candidates for listing on the Oregon Coast. Compared to other coastal systems, the

Tillamook Bay watershed was ranked as having the least high quality coho salmon



habitat (Nickelson 1998). Hooton (1997) noted a coast wide decline in sea-run cutthroat

trout, but resident coastal cutthroat remained widespread. Existing salmonid fish data

from Oregon Department of Fish and Wildlife (ODFW) include surveys for the upper

limits of fish distribution in both the Tillamook and Kilchis subbasins (Oregon

Department of Fish and Wildlife 1995a, b), smolt migration trapping in the Little South

Fork Kilchis River (Dalton 1998, 1999), and spawner surveys. There is little

comprehensive fish assemblage information and/or basin-specific data for resident and/or

sea-run cutthroat trout and sculpins (Cottus spp.) available for the two subbasins. There

are likely sympatric sea-run cutthroat trout and resident cutthroat trout populations in the

Tillamook Bay watershed, but the sizes of the populations and the amount of

interbreeding between the two life history forms is unknown (Kostow 1995).

There are continuing efforts to monitor salmonid trends on the Oregon Coast

including salmonid smolt outmigration and returning adult spawner estimates on the

Little South Fork Kilchis River (a Kilchis River tributary) (Dalton 1998, 1999).

Compared to other monitored streams on the coast in 1998 and 1999, the Little South

Fork Kilchis had very low densities of coho salmon smolts (Dalton 1999). Steethead (0.

mykiss) and cutthroat trout (0. clarki) smolt densities appeared to be about mid-range

when compared to the other coastal streams (Dalton 1999). There were no smolt

migration data available for the Tillamook subbasin. Spawner surveys have been used

for monitoring coastal salmonid species, but the Tilamook and Kilchis subbasins have

not been surveyed consistently enough to allow comparisons of the two subbasins or to

compare returns across time.

2.3 Fish Stocking in the Tillamook and Kilchis Subbasins

Both the Tillamook and Kilchis subbasins have had a history of fish stocking.

However, stocking efforts have lessened in recent years. Both rivers support

predominantly fall-run chinook salmon populations, with small populations of spring-run

chinook (Nicholas and Hankin 1988). Fall- and spring-run chinook fry were stocked

irregularly in both the Tillamook and Kilchis river subbasins, but all chinook stocking in
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either of the two subbasins ended by the early 1990s (Appendix A). The runs of fall

chinook are thought to be predominantly wild fish with a few hatchery strays from other

subbasins in the watershed (Nicholas and Hankin 1988). Spring-run chinook were

hatchery supported until stocking ended (Follansbee and Stark 1998). Coho salmon have

been stocked in the entire Tillamook system since 1902 (Follansbee and Stark 1998) until

stocking ended in 1982 in the Kilchis subbasin and 1986 in the Tillamook subbasin

(Appendix A). The amount of hatchery influence on current declining populations is

unknown. Chum salmon are also in decline in both subbasins, but have had little

hatchery supplementation (Follansbee and Stark 1998). Both summer and winter runs of

steetheàd trout inhabit the Tillamook Bay watershed, but stocking of the artificial run of

summer steelhead in the Kilchis subbasin ended in 1993 (Appendix A). Summer

steethead are currently stocked only in the Wilson River, but some straying of returning

adults into the Tillamook and Kilchis subbasins is possible. I could find no reliable

estimates of the percent naturally spawning winter steelhead of hatchery origin in each

subbasin, but runs appear to be heavily influenced by hatchery fish (Follansbee and Stark

1998). Winter steethead stocking continues in the Kilchis subbasin but ended in the

Tillamook in 1994 (Appendix A). Both the Oregon Department of Fish and Wildlife

(ODFW) and the National Marine Fisheries Service (NMFS) made estimates of winter

steethead percent hatchery spawners for the two subbasins. Estimates of 66% hatchery

spawners from both sources concurred for the Kilchis subbasin. However, the estimates

for the Tillamook were markedly different: 66% (NMFS) versus 10% (ODFW) (Oregon

Department of Fish and Wildlife 1997). A summary of current fish stocking in the

Tillamook Bay watershed is included as Appendix A.

2.4 Study Design and Sample Site Selection

The synoptic sampling design for this study was developed as part of a larger

study that focused on producing quantitative estimates of stream condition with known

confidence (Herlihy et al., in press). The application of these methods at the watershed

scale is novel (Ford and Rose, in press). The Tillamook and Kilchis rivers were chosen
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for these analyses because the two subbasins, which are of similar size, differ in land use

practices. This design is well suited to an investigation of environmental variables as

predictors of fish assemblages because it will allow reach-level sampling at sites in two

subbasins that provide a range of environmental conditions.

A randomized systematic probability sample of stream reaches, drawn from the

Tillamook and Kilchis subbasins, was selected from streams that appear as blue lines on

1:100,000 scale maps (Herlihy et al., in press). Probabilities differed by stream order to

reduce the preponderance of headwater streams in the sample. Sixty-seven wadeable and

non-wadeable sites were identified throughout the two subbasins. In order to balance

stream order between the two subbasins, the probability sample was augmented by the

addition of seven first-order sites in the Kilchis subbasin and two second-order in the

Tilamook subbasin. For the first-order site additions in the Kilchis subbasin, 11 first-

order reaches without an already assigned sample site were identified and seven were

randomly selected using a random number table. A sample location was identified along

the identified stream reach, using a random number table to place the sites a percentage

of the way upstream from the downstream end of the reach. There were only two

second-order reaches without already assigned sample sites in the Tillamook subbasin, so

a sample point was identified for each of those using the same methods for placing sites

in the identified reach as in the Kilchis subbasin.

Of the 75 sample points originally selected, 52 sites were sampled over summer

1998 and summer 1999 field seasons (Table 2.1, Figure 2.1). Thirteen non-wadeable

sites could not be sampled using wadeable stream protocols. Six sites were not sampled

because they did not contain flowing water when visited, three were not sampled because

landowners denied us access, and one site was not sampled because of difficult access.

Three sites were sampled early and late in each field season for both sample years (total

of four times each), but were included only once (first visit in 1998) in data analyses.

For each site, the sampling point (x-site) was transferred to a 1:24,000 scale

USGS map for site location (Herlihy 1998). All sites were located using topographic

maps and were verified using Global Positioning System (GPS) when satellites could be

accessed from the site location.



Table 2.1: Breakdown of stream order by basin and sample year

Stream Order

9

1st 2' 3rd

Kilchis 12 10 9

Tillamook 9 9 3

Total 21 19 12
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Figure 2.1: Fifty-two sample sites in the Tillamook and Kilchis subbasins: first- and
second-order sites marked with circles, third-order sites marked with triangles, three
variability sites (measured 4 times each) are numbered and marked with squares



3 METHODS

3.1 Field Methods

We collected stream habitat and fish assemblage data with a three-person field

crew following the U.S. EPA's Environmental Monitoring and Assessment Program

(EMAP) protocols for wadeable streams (Lazorchak et al. 1998). Sampling was

conducted between June and September of 1998 and 1999, during the low-flow window.

All data at a stream site were collected in one day when possible. However, habitat and

fish sampling had to be split between two days within the same week for a few of the

larger sites. For all sampling, the reach length was defined as 20 channel widths

upstream and 20 channel widths downstream from the x-site (the sample location as

marked on the map). The minimum total reach length was 150 m. The channelwidth

used to determine reach length was the mean channel width from five measurements near

the x-site (Herlihy 1998). Dissolved oxygen, temperature, and conductivity were

measured at the x-site using a YSI Model 85 dissolved oxygen-conductivity-temperature

meter. Turbidity was also measured at the x-site using a Hach Turbidometer. Samples

for total nitrogen and total phosphorus analyses were collected at the x-site in pre-

acidified HDPE screw-top bottles. Stream discharge was measured once per survey

reach using either the velocity-area procedure (with a Swofer 2100-C140 current velocity

meter) or neutrally buoyant object procedure, depending on stream size (Kaufmann

1998).

Physical habitat data collected at and between 11 equally spaced transects

followed Kaufmann and Robison (1998). Measurements included thaiweg profile

(maximum depth measurements, habitat classification, and wetted width between channel

transects), woody debris tally (between channel transects), and channel and riparian

characterization (channel cross section characteristics, substrate size class,

embeddedness, slope and bearing, riparian vegetation characteristics, fish cover, and

human disturbances at each transect) (Kauflnann and Robison 1998). Thalweg depth

measurements were made and stream habitat was classified at 100 or 150 locations along

11
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the stream reach (depending on reach length) using a telescoping surveyors rod. Channel

width measurements (measuring tape), bank height (surveyors rod), bank angle

(measured with clinometer), and slope (clinometer) and bearing measurements were

made at each of 11 transects equally spread along the reach. Riparian canopy density was

quantitatively measured both from mid-channel and from each bank at each of the 11

transects using a densiometer. Substrate size and embeddedness were estimated at five

locations along each cross-sectional transect (total of 55 measurements per reach), and

riparian canopy features and fish cover estimates were also made at each transect.

Human disturbances and their proximity to stream channel were recorded at each

transect, then used to calculate a score, estimating the amount of human disturbance, for

each site. Large woody debris in and above the bankfull stream channel were tallied

separately into nine size categories between each of the 11 transects (total of 10 tallies).

We also assessed each stream site using the rapid habitat and visual stream

assessment protocol described by Lazorchak et al. (1998). The rapid habitat assessment

was conducted by scoring each site from 0-20 on each of twelve habitat characteristics

for a total score ranging from 0-240 for each site.

Finally, fish assemblage data were collected at each site using one-pass backpack

electrofishing with a Smith-Root Model 12-B battery powered backpack electrofisher and

a three-person crew (one shocker and two netters). A representative sample was obtained

following McCormick and Hughes (1998) by shocking the entire 40-channel width reach

length (Reynolds et al., in prep). For smaller streams, the entire channel width was

sampled. In larger streams (too wide to sweep completely across with shocker anode) we

sampled from the midline of the stream to the shore, alternating sides of the stream at

every transect and shocking the margins of non-wadeable pools. We classified most of

third-order sites as "semi-wadeable" in the field. All had some non-wadeable poois that

were shocked only on the margins or not at all. The estimated portion of the reach

shocked ranged from 40-95% for the 12 third-order sites. Sampling was less complete at

these larger sites than at the 40 first- and second-order sites where, with few exceptions,

approximately 95% of each reach was shocked. Sampling of these third-order sites was

probably biased towards fast-water species and species that inhabited the margins of

pools, while sampling of the first- and second-order sties was more evenly spread across
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all habitat types. These larger third-order sites were omitted from some of the analyses,

as described below (Section 3.3).

Several recent studies have found single-pass electrofishing to be a reasonable,

efficient method for assessing fish assemblages. While multiple pass (removal) methods

are often recommended for quantitative abundance estimates, single-pass methods allow

large areas to be covered, minimize time in the field, and minimize harm to fish (Kruse et

al. 1998). Reynolds et al. (in prep) found that single-pass electrofishing a reach of 40

wetted channel-widths in length was adequate for representing proportionate abundance

of common (>1% of assemblage) fish species and species richness. Paller (1995)

recommended sampling a variety of stream habitats distributed over a large area. To be

most cost-effective, he recommended sampling a large area extensively, rather than a

smaller area intensively. Lyons (1992) recommended sampling 35 channel widths (from

plots of species caught versus channel widths sampled) or three complete riffle pool

sequences to be ensured of accurate estimates of species richness in Wisconsin streams,

but concluded that stream widths were easier to apply than riffle pool sequences when

determining reach length. Sampling a reach 35 channel-widths in length with single-pass

electrofishing without the use of block nets was also an adequate assessment of fish

species abundance and assemblage structure (as well as species richness) (Simonson and

Lyons 1995). Single-pass electrofishing was found to provide accurate estimates of trout

abundances in Wyoming mountain streams (Kruse et al. 1998).

Throughout our sampling, species identity and total length were recorded for all

fish collected, except for trout <60 mm, which were not identified to species. For groups

in which species identification was difficult (i.e. sculpins and lamprey ammocoetes),

voucher specimens were collected and preserved in 10% Formalin for laboratory

verification.

3.2 Laboratory Methods

All vouchered fish specimens were identified/verified in the laboratory using

Markle Ct al. (1996), Richards et al. (1982), and Wydoski and Whitney (1979) for key



features. Water samples collected for total nitrogen and total phosphorus analyses were

digested with persulfate and analyzed with flow injection analysis by U.S. EPA

laboratory personnel (Ameel et al. 1993; Koroleff 1983; Quails 1989).

3.3 Data Analysis

Two major types of data analyses were used to analyze the fish and habitat data

collected. First, ordination methods were used to examine fish assemblage structure

because of their ability to reduce a large amount of data into several dimensions, aiding in

interpretation (McCune and Mefford 1999). Sites with similar species composition are

plotted near each other in ordination diagrams, providing a visual summary of the data

(ter Braak 1995).

In a second set of analyses, individual fish species-habitat relationships were

analyzed using multiple linear regression. While ordination provides a community

perspective, each species is analyzed separately in regression analysis (ter Braak and

Looman 1995). Regression shows only how each individual species is related to

environmental variables, but it can be used to identify environmental variables that are

most important in determining species responses, and it can be used to predict species

responses with environmental variables (ter Braak and Looman 1995).

For all analyses, I calculated 108 environmental metrics/summary statistics for

each site, following Kaufmann et aT. (1999) (Appendix B). Variables that were skewed

or that varied over several orders of magnitude were log-transformed. Fish data were

used to calculate species richness (presence/absence of each species), species relative

abundances (proportion of each species), and catch/effort (fish/second) metrics for each

site. However, species relative abundance data are reported for most of the analyses

because this measure is less affected by sampling efficiency than catch/effort metrics

(Paller 1995), and it is less sensitive to rare species than species richness measures.

Reynolds et al. (in prep) cautioned against emphasizing rare species in analyses when

using rapid assessment fish collection protocols. Therefore, relative abundance is a

reliable measure, especially when studies focus on common (not rare) species

14
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(Angermeier and Smoger 1995; Paller 1995). However, because species

presence/absence data do have an advantage in their potential to reveal trends in species

with low abundances, one such ordination is reported below. A summary of the results of

all the multivariate analyses performed, using species relative abundance,

presence/absence, and catch/effort metrics, and including various combinations of sites

and species is included as Appendix C.

3.3.1 Non-metric Multidimensional Scaling

I used non-metric multidimensional scaling (NIMDS) (Kruskal 1 964a, b; Mather

1976) to explore relationships between fish assemblages and environmental factors.

NMIDS uses ranked distances between sites to fmd a minimum stress solution of sites in

species space. This method handles non-normal data (McCune and Mefford 1999) and

data with many zero values well and is a robust ordination technique (Minchin 1987).

Use of N1Vff)S for indirect gradient analysis does not require the user to pre-select

important environmental variables or constrain ordinations by environmental variables as

do direct gradient analysis techniques (Beals 1984; ter Braak 1995). Therefore, all

ordinations were indirect gradient analyses: sites in species space with overlays of

environmental variables to see correlations of all 108 environmental variables to the

ordination axes. These ordinations allow fish species composition to reflect any

environmental differences between sites (ter Braak 1995). If there are few environmental

correlations to species assemblages, important environmental variables or other factors

affecting fish assemblages may have been overlooked (ter Braak 1995).

Two multivariate outliers (sites 010 [second-order] and 013 [first-order]) were

removed from all ordinations. These were both low-gradient Tillamook sites that

contained a unique species (three-spined stickleback) and high abundances of prickly

sculpin, present at <10% of the sites (found in low abundance at all other sites where it

occurred). When the two outlier sites were included in any of the ordinations, the other

sites were compacted on one end of the ordination diagram and interpretations were

impossible.

NMDS ordinations were run with and without the 12 third-order sites (3 in

Tilamook subbasin, 9 in Kilchis subbasin) because of the possible fish collection biases
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at the third-order sites that were described in section 3.1. Ordinations were done in PC-

ORD version 4.02 (McCune and Mefford 1999) using the "autopilot" mode, which makes

multiple runs and tests for significance (Monte Carlo test) for solutions of different

dimensions. All ordination runs had a maximum of 200 iterations. The number of

dimensions/axes to interpret were chosen by comparing stress (departure from

monotonicity in the relationship of "original space" and "reduced [ordination] space") in

the real data to that of randomized data for each added dimension (McCune and Mefford

1999). Stress is reported on a 0-100 scale. A solution was chosen when additional

dimensions did not provide greater reductions in stress than could be due to chance.

Final instability, as reported by PC-ORD, is the standard deviation in stress over the

preceding 10 iterations (McCune and Mefford 1999). The relationship of environmental

variables to fish assemblage trends was assessed by looking at Pearson's correlations of

all 108 variables to the ordination axes. The species abundances and environmental

variables with the strongest correlations to the ordination axes were shown on joint plots.

I chose Sorensen's (Bray Curtis) distance measure as a measure of dissimilarity in

the fish data for all ordinations. This measure calculates the distance between sites based

on shared species abundances/total abundance. Faith et al. (1987) reported this to be a

robust measure in rank and linear correlation, and recommended its use for NIVIDS (also

recommended by Minchin 1987). Sorensen's distance is a robust measure that performs

well along an environmental gradient, is better than measures such as the correlation

coefficient for datasets with many zeros (Beals 1984), and does not downweight common

species and exaggerate rare species as chi-squared distance does. Sorensen's distance

measure has been applied to many studies using fish assemblage data for both NMI)S and

Bray-Curtis ordination (Beals 1984; Brazner and Beals 1997).

3.3.2 Regression Analyses

Multiple linear regression analyses were done to assess the value of

environmental variables as predictors of fish species relative abundance. SAS software

(SAS Institute Inc.) was used for all regression analyses. Data from all first and second

order sites with fish present were included in these analyses (37 sites). Relative

abundances of the six most common fish species were either log-transformed or arcsin
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squareroot transformed to minimize skewness and account for non-constant variance, as

evidenced by the uneven spread of regression residuals. Rarer species, present at a small

percentage of the sites, were too skewed to use in the regression analyses. Unlike

indirect gradient ordinations, regression analyses require the selection of environmental

variables. An uncorrelated subset of 23 environmental variables that described the

variation in fish abundance (boldface in Appendix B) was chosen from the original 108

environmental variables for the explanatory (predictor) variables in the regressions.

These 23 variables were chosen by first grouping the full set of 108 environmental

variables into 21 groups of highly correlated variables (Appendix D) as determined from

a table of correlations between variables. Then each group of environmental variables

was used as the explanatory variables for separate regressions of each group of variables

on the fish species responses (as suggested by F. Ramsey, Statistics Department, Oregon

State University, pers. comm) The fmal set of variables was created by choosing a

variable from each group based on its relationship to the responses (relative abundance of

each species), its ability to summarize several metrics (e.g. mean substrate size

summarized most of the measurements on individual substrates), its signal to noise ratio

in Oregon EMAP studies (Kaufmann et al. 1999), and whether the variable seemed

biologically meaningful to fish. Three environmental variables (gradient, substrate size,

and % slow water) were chosen from one of the variable groups because each was

thought to summarize a different type of habitat measurement (which may be of varying

biological importance to different fish species). Also, all three environmental variables

showed good relationships to the response variables, and the value of all three of these

variables as predictors of fish relative abundances was of interest. An indicator variable

for stream subbasin (Tillamook or Kilehis) that accounted for any differences in stream

subbasin was included in the 23 environmental variables used in the regression analyses.

Stream effects may be important factors in determining fish assemblage variation

(Dunham and Vinyard 1997).

Finally, regression models for prediction of fish species abundance were selected.

For each species, I used forward selection to add explanatory variables one at a time

(adding the variable that most improved the fit of the model with each addition) until

further additions of variables did not improve fit of the model (based on parameter
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estimates and the extra-sum-of-squares F-statistic). This selected set of explanatory

variables was then expanded to include interactions and quadratic terms, and this

expanded model's fit was assessed against the fit of the reduced model before a fmal

predictive model was chosen for each of the six species.

Tests for spatial autocorrelation were conducted by plotting differences in the

regression residuals for pairs of sites in each subbasin versus stream distance between

pairs of sites in each subbasin (F. Ramsey, Statistics Department, Oregon State

University, pers. comm.) Plots were repeated for each species to see if residuals from

regression analyses were independent of each other or if there was a relationship between

size of residuals and stream distance between sites. For example, these plots would not

have a random scatter if fish relative abundances at stream sites that were nearest each

other had similar deviations from values predicted from the regression models. Plots

would show a random scatter of points if the variance not explained by the environmental

variables was unrelated to the stream distance between sites.

3.3.3 Other Analyses

Differences in the fish assemblages between the two subbasins and between the

three stream orders (a surrogate for stream size andlor longitudinal position in the

watershed) were tested using multi-response permutation procedure (MRPP), a non-

parametric procedure to test the hypothesis of no difference among several groups of

entities (McCune and Mefford 1999). MIRPP tests for multivariate differences among

groups based on comparing within group versus among group distances in real data to

those distances in randomized data. Both of these MRPP analyses were conducted using

fish relative abundance data for the 49 sites that had fish species present. Sorensen's

distance measure was used for all tests of fish assemblages using MRPP. When

multivariate differences in fish assemblages between subbasins or stream orders were

significant, mean species relative abundances were plotted with 95% confidence intervals

(calculated for each species mean) in an attempt to visually assess the multivariate

differences indicated by MIRPP.

Similar MRPP methods were used to test for multivariate differences in fish

assemblages across repeat visits to the three variability sites. Similarity in fish



assemblages at the four visits to each variability site was also visually assessed by the

proximity of points representing each of the four visits to each site in the ordination

diagram of an NIMIDS ordination of all sites, including repeat visits (n=56). One-way

ANOVA was used to test for differences in environmental variables (those with

numerous measurements taken at each site) among the four different visits to each site.
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Steelhead Trout
Cutthroat Trout
Coho Salmon
Chinook Salmon
Reticulate Sculpin
Torrent Sculpin
Coast Range Sculpin
Riffle Sculpin
Prickly Sculpin
Pacific Lamprey (ammocoetes only)
Three-spined Stickleback
Trout <60 mm

4 RESULTS

4.1 Fish Assemb'ages

Eleven fish species were found in the two subbasins. Except for three-spined

stickleback, which was found only at two low-gradient sites in the Tillamook subbasin,

all fish species were common to both the Tillamook and Kilchis subbasins (Table 4.1).

All hatchery steelhead smolts released into the Kilchis subbasin in the spring of 1998 and

1999 were released below our sample sites and were fm-clipped. Therefore, we were

able to confirm that none of the steelhead smolts that we collected were of direct hatchery

origin. There were no fish found at three first-order sites. These sites, which could not

be analyzed in fish species space, were excluded from analyses.

Table 4.1: Fish species encountered

Oncorhynchus mykiss
Oncorhynchus clarki
Oncorhynchus kisutch
Oncorhynchus tschawytscha
Cottus perplexus
Cottus rhotheus
Cottus aleuticus
Cottus gulosus
Cottus asper
Lamp etra tridentata
Gasterosteus aculeatus
Oncorhynchus spp.
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Figure 4.1 shows mean fish species relative abundances with 95% confidence

intervals for each mean for all sites sampled. As expected, error bars are large because of

the variability of species relative abundance across sites. Relative abundances of some of

the more common species, such as reticulate sculpin, ranged from 0% to 100%. Across



all sites, steelhead trout, trout <60 mm, reticulate sculpin, and cutthroat trout were the

most common species.
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Figure 4.1: Fish assemblages - all sites (mean relative abundance with 95% confidence
iiitervals)

4.2 Environmental Data

As described in section 3.3, 108 environmental variables were calculated using

habitat data from each site (Appendix B). There was a range of environmental conditions

across the sites in the two subbasins. Table 4.2 shows the ranges of some summary

metrics across all sites (first through third order). Ranges for all environmental variables

are listed in Appendix B.
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Table 4.2: Ranges of key environmental variables across sample sites

4.3 Non-metric Multidimensional Scaling

Many NMDS ordinations using a variety of fish assemblage data and various

subsets of the 47 sample sites (sites with fish present, outliers removed) were run.

Summaries of the results of these ordinations, as well as comments on each of the three

fish metrics (relative abundance, presence/absence, and catch/effort) that were tested can

be found in Appendix C. Five ordinations that explained much of the variance in the

original fish species data and that captured environmental correlations to the fish

assemblages are reported below (summarized in Table 4.3). Reported R2 values show the

proportion of variance in fish data in the original space that was explained by the

ordination. For ease of comparison, all ordinations were rotated to maximize steelhead (a

dominant species in most ordinations) on one of the axes. In the joint plots (ordination

diagrams) in Figures 4.2-4.6 below, boldface type shows the strongest fish species

correlations to ordination axes, while normal type shows the strongest environmental

correlations to the ordination axes. The direction of each line shows the correlation of

each species or environmental variable to the axes, while line lengths indicate the

strength of the correlations. An R2 value of 0.40 was used as a cut-off for all axes

correlations because fish species correlations above this cut-off value appeared to show

dominant species trends in the ordinations, and environmental correlations above this cut-
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Variable Mm. Max. Mean S.D.
Mean wetted width (m) 0.8 26.0 7.8 5.4
Mean thaiweg depth (cm) 8.8 138.3 46.7 25.8
Streamfiow (m3/second) 0 1.42 0.21 0.30
Mean stream gradient (%) 0 36.7 3.2 5.2
% slow water habitat (pools + glides) 9.3 100.0 50.4 24.5
% of reach with riparian canopy present 0 100.0 84.2 28.9
% of reach with coniferous canopy present 0 100.0 22.1 22.6
LWD in active stream channel (m3/m2) 0 1.22 0.07 0.17
Log[mean substrate diameter (mm)] -2.4 2.7 1.1 1.4
% Sand + fmes 0 100.0 24.8 29.4



Species relative abundance - all
sites with fish present

Species relative abundance 1st and
2 order sites with fish present

Species presence/absence - 1St and
2nd order sites with fish present

Species relative abundance in
Tillamook only

Shows trends in dominant species; 3- 0.905
D solution

Shows trends in dominant species 0.859
(steelhead less dominant than when
all sites included); 2-D solution

Correlations of 6 species' presence to 0.947
environmental variables; 3-D
solution; only ordination that showed
coho/environment correlations

Some changes in environmental 0.856
correlations; 2-D solution

4.3.1 All Sites: Species Relative Abundance

Using fish relative abundance data, an ordination of 47 sites (all sites with fish

present, excluding outliers) in fish species space produced a three-dimensional solution

(p=0.03, Monte Carlo test) that stabilized after 50 iterations (from plots of stress vs.

iteration number-Appendix E). Final instability was 0.0019 and fmal stress was 11.94.

This ordination explained 90.5% of the variance in the original fish relative abundance

data (Figure 4.2). The plot of the primary and secondary axes explained almost 70% of

the variation in the original fish relative abundance data. In this plot, three fish species

(reticulate sculpin, trout <60 mm, and steelhead) dominated the spread of sample sites

23

off seemed to show biologically interpretable environmental correlations to the axes. For

consistency, the same cut-off value was used for all joint plots.

Table 4.3: Summary ofNMDS ordinations reported below

Fish Species Data Used Conclusions R2

Species relative abundance in Some changes in environmental 0.917
Kilchis only correlations (no substrate

correlations); 3-D solution
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and were correlated to a diagonal gradient in substrate. Sites with the greatest relative

abundances of reticulate sculpin appeared to be predominantly sites in the Tillamook

subbasin. Larger substrates were correlated to the area of high steelhead abundance and

high trout <60 mm abundance, and smaller substrates were correlated to the sites with

high reticulate sculpin relative abundance. On the tertiary axis, sites with highcutthroat

trout relative abundance occupied the left portion of the ordination, which was correlated

to mean stream gradient and the standard deviation of stream gradient (variability of

gradient at a site).
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4.3.2 First- and Second-Order Sites: Species Relative Abundance

An ordination of the fish relative abundance data from 35 first- and second-order

sites (outliers removed) produced a two-dimensional solution (p0.03, Monte Carlo test)

that stabilized after 40 iterations (from plots of stress vs. iteration number-Appendix E).

Final instability was 0.0004 and fmal stress was 15.05. The ordination explained 85.9%

of the variance in the original fish relative abundance data (Figure 4.3). The primary axis

appeared to show a gradient of greatest reticulate sculpin relative abundance to greatest

trout <60 mm relative abundance. Steethead were less dominant in this ordination than in

the ordination that included third-order sites (the R2 value for steelhead was less than the

0.40 cut-off; therefore, steethead do not appear in the ordination diagram). This primary

axis was correlated to an environmental gradient of small substrates, high embeddedness,

and high human influence to larger substrates and a lower estimate of human influence.

Sites with the greatest relative abundances of reticulate sculpin appeared to be Tillamook

subbasin sites. The secondary axis showed a gradient of cutthroat trout relative

abundance, and, as with the ordination of all three stream orders, the cutthroat axis was

positively correlated to stream gradient.
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4.3.3 First- and Second-Order Sites: Species Presence/Absence

An ordination using fish species presence/absence data instead of relative

abundance data produced slightly different results than the relative abundance data

ordinations with a three dimensional solution (p=O.O3, Monte Carlo test). The ordination

stabilized after 45 iterations (from plots of stress vs. iteration number-Appendix E), fmal

instability was 0.0002, and final stress was 7.63. The primary and secondary axes

captured most of the variation (79%) in the species presence/absence data. Steelhead and

torrent sculpin presence was positively correlated to stream bankfull width and substrate
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size (Figure 4.4). Sites with reticulate sculpin, riffle sculpin, and coho salmon present,

mostly Tillamook sites, fell in the upper left-hand corner of the ordination and were

correlated to stream depth and percent pool habitat. The tertiary ordination axis was

formed by trout <60 mm presence (bottom of second plot), which was correlated to

substrate size. There were no strong correlations of cutthroat trout presence to any of the

axes in the presence/absence,ordination, as there were in the previous ordinations of fish

species relative abundance data.
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4.3.4 Kilchis Subbasin Sites: Species Relative Abundance

The ordination of 28 Kilchis sites in species space produced a three-dimensional

solution (p=O.O3, Monte Carlo test) that stabilized after 110 iterations (from plots of

stress vs. iteration number-Appendix E). Final instability was 0.0004 and fmal stress was

9.49. This ordination explained 9 1.7% of the variance in the original fish relative

abundance data for first through third order sites in the Kilchis subbasin (Figure 4.5). As

with the ordination of all sites in both subbasins, there was a strong steelhead gradient,

but it was not strongly correlated to any environmental variables when the Kilchis-only

data were used. Sites with the greatest coast range sculpin relative abundance appeared

to occupy the lower corner of the plot, and were correlated to variables representing

stream size. Sites with many cutthroat trout were plotted in the upper part of the

ordination. Cutthroat were once again correlated to stream gradient in addition to the

estimate of LWD that was present as fish cover. The second part of Figure 4.5 shows the

spread of sample sites along the tertiary axis (explaining 15% of the variance in the

original data), from sites with greatest relative abundances of trout <60 mm to sites with

greatest relative abundances of reticulate sculpin. There were no strong environmental

correlations to this axis.
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4.3.5 Tillamook Subbasin Sites: Species Relative Abundance

The ordination of 19 Tillamook sites in species space produced a two-dimensional

solution (p=0.03, Monte Carlo test) that stabilized somewhat after 100 iterations (from

plots of stress vs. iteration number); however, stress continued to oscillate slightly

through all 200 iterations. Final instability was 0.0 145 and fmal stress was 14.26. While

this ordination solution was not as stable as the others, it showed important information

about the Tillamook fish assemblages, and results are reported below. This ordination

explained 85.6% of the variance in the original fish relative abundance data (Figure 4.6).

In this two-dimensional ordination, sites plotted along the secondary axis ranged from

lowest to highest torrent sculpin and steelhead relative abundance. Environmental factors

positively correlated to this axis included measures of substrate size and the percent of

fast-water habitat types in the reach. The primary axis, explaining 56% of the variance in

the original data, was a gradient from lowest to highest reticulate sculpin relative

abundance and had no strong environmental correlations. Sites with high abundances of

riffle sculpin occupied the lower corner of the ordination and were correlated to variables

indicating stream size (depth and width x depth).
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4.4 Regression Analyses

Of the 11 fish species found, only five species and the category of trout <60 mm

had enough occurrences to be used in single-species multiple regression analyses to

assess the value of environmental variables as predictors of each species' relative

abundance. Because of the possible bias in fish collection methods in large third-order

sites described in the methods section above, only data from the 37 first- and second-

order stream sites where fish were present were included in these analyses. For trout <60

mm and torrent sculpin, there was an effect of stream subbasin on the relative abundance

(response), and indicator variables for subbasin were included in the models. There were

no effects of sample year for any of the fish species analyzed.

33

RiffIe
ScuIin

% Slow
A

% Pool

theelhead % Coarse gravel

A
SculpinA

cover-boulder

Torrent % CoJble %Fast DO

,;YGradient

$"SD Gradient
A

Width x depth
Reticu a eDepth .



4.4.1 Cutthroat Trout

Cutthroat trout relative abundance could be predicted by stream gradient, in-

channel LWD volume (m3/m2), mean wetted width (m), and the proportion of the reach

with coniferous canopy present with the following equation:

log(Cutthroat relative abundance) = 0.92 log(gradient) + 0.42 LWD in-channel

volume/area 0.10 wetted width + 0.01 coniferous canopy presence

The R2 for the model was 0.86, and gradient alone could explain almost 79% of the

variation in cutthroat relative abundance.

4.4.2 Steelhead Trout

Steelhead relative abundance was more difficult to explain with the measured

environmental variables, which could account for only 57% of the variance in abundance.

The best predictors were mean substrate diameter (mm), in-channel LWD volume

(m3/m2), and the square of the proportion of the reach with coniferous canopy present:

Arcsin squareroot(Steelhead relative abundance) 0.39 + 0.08 log(mean substrate

diameter) - 0.09 in-channel LWD volume - 4.Oxl 05(coniferous canopy presence)2

No single variable was a good predictor of steethead relative abundance as stream

gradient was for cutthroat abundance.

4.4.3 Trout <60 mm

The relative abundance of trout <60 mm could be best predicted by mean

substrate diameter, after accounting for the effect of subbasin with an indicator variable.

Using these two variables, the following equation had an R2 0.63:

Log(Trout <60 mm relative abundance) = 0.90 - 0.65 Tilamook subbasin + 0.17

log(mean substrate diameter)
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4.4.4 Coho Salmon

Environmental variables were not good predictors of coho relative abundancc, but

mean wetted width (in) accounted for 38% of the variance in coho relative abundance:

Arcsin squareroot(Coho relative abundance) 0.01 wetted width

Logistic regression using coho presence/absence data produced very similar results, with

no good environmental predictor of coho salmon presence.

4.4.5 Reticulate Sculpin

Reticulate sculpin relative abundance could be predicted from stream gradient,

residual pool mean volume (m3), proportion of the reach with coniferous canopy present,

relative stream bed stability, and mean substrate diameter (mm). There were significant

interactions between some of these variables. The variables produced a model with and

R2 = 0.85:

Arcsin sqirnreroot(Reticulate sculpin relative abundance) = 4.1x103 coniferous

canopy presence + 0.40 log(gradient) - 0.19 log(residual pool volume) + 0.16

log(relative bed stability) x log(substrate diameter) + 0.10 log(relative bed

stability) x log(residual pool volume) - 0.08 [log(substrate diameter)]2

4.4.6 Torrent Sculpin

The relative abundance of torrent sculpin could be predicted by mean wetted

width (m), percent slow water habitat, subbasin, in-channel LWD volume (m3/m2),

stream conductivity, and % rapids. These variables explained 90% of the variance in

torrent sculpin relative abundance:

Arcsin squareroot(Torrent sculpin relative abundance) = 0.10 wetted width 0.01

percent slow water + 1.99 Tillamook subbasin + 1.75 Kilchis subbasin - 0.94 in-

channel LWD volume - 0.02 conductivity - 4.6x1 0 (wetted width)2 + 2.3x1 0'

percent slow x in-channel LWD volume + 0.09 (in-channel LWD volume)2 +
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5.8x103 in-channel LWD volume x conductivity + 0.16 in-channel LWD volume

x percent rapids - 5 .7x1 0 conductivity x percent rapids - 1. lxi 0 (percent

rapids)2

All statistically significant interactions and quadratic terms were included in the model.

Alone, mean wetted stream width could explain 55% of the variation in torrent sculpin

relative abundance, meaning that this species composed a greater proportion of the fish

assemblage in larger stream sites.

4.5 Spatial Autocorrelation

There appeared to be little evidence of a lack of independence (spatial

autocorrelation) in regression residuals for each of the six regressions. Plots of

differences in residuals versus stream distance (kilometers) between pairs of sites in each

subbasin showed a random scatter of points for all six species analyzed (Figures 4.7-4.8).

There appeared to be no spatial patterns in the data that were not accounted for by the

environmental variables. Based on this evidence, the results of the multiple linear

regression analyses were interpreted assuming spatial independence of sites.
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4.6 Tests for Fish Assemblage Differences Between Subbasins

There were differences between the fish assemblages across all sites in the

Tillamook and Kilchis subbasins (p=O.0000, from MRPP test for multivariate assemblage

differences between subbasins). Based on means of individual species relative

abundances (Figure 4.9), the Kilchis assemblages appeared to contain proportionately

more steelhead and trout <60 mm than the Tillamook, which had greater proportions of

all sculpin species except coast range sculpin. In the Kilchis, over 80% of all fish

collected were steelhead, trout <60 mm, reticulate sculpin, coast range sculpin, or

cutthroat trout. In the Tillamook, three sculpin species (reticulate sculpin, torrent sculpin,

and riffle sculpin) made up 70% of the assemblages, on average. Proportions of coho

salmon appeared to be similar in the two subbasins. Several less-common species such

as juvenile Pacific lamprey, prickly sculpin, and three-spined stickleback composed a

noticeable part of fish assemblages only in the Tillamook subbasin. Coast range sculpins

composed a much greater proportion of the assemblages in the Kilchis subbasin than in

the Tillamook.
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Figure 4.9: Comparison of fish assemblages in the Tillamook and Kilchis subbasins - all
sites (mean relative abundance with 95% confidence intervals)

The differences in the fish assemblages between the two subbasins remained after

removal of the potentially confounding third-order sites (pO.0000, from MRPP test for

multivariate assemblage differences between subbasins). Based on plots of individual

species mean relative abundances (Figure 4.10), steelhead trout and trout <60 mm still

made up a much greater proportion of the fish assemblages in the Kilchis subbasin than

in the Tillamook subbasin, and reticulate sculpin remained the most abundant species in

the Tillamook subbasin. Proportions of coho salmon and torrent sculpin were similar

between the subbasins.
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Figure 4.10: Comparison of fish assemblages in Tillamook and Kilchis subbasins - first-
and second-order sites (mean relative abundance with 95% confidence intervals)

4.7 Tests for Fish Assemblage Differences Among Stream Orders

There were differences in fish assemblages across the three stream orders sampled

(p=0.0000, from MRPP test for multivariate assemblage differences among three stream

orders). Figure 4.11 illustrates the differences in mean fish species relative abundance

across three stream orders. Reticulate sculpin and torrent sculpin were a common part of

fish assemblages in all three stream orders. Cutthroat trout decreased in mean relative

abundance as stream order increased, meaning they composed proportionately less of the

fish assemblages at the downstream sites. There appeared to be little difference in

relative abundances of other trout species among stream orders. Coast range sculpin

appeared to make up the greatest proportion of fish assemblages at third-order sites, while

riffle sculpin were most abundant at first- and second-order sites.
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Figure 4.11: Comparison of fish assemblages in three stream orders - all sites (mean
relative abundance with 95% confidence intervals)

When separated by subbasin, fish abundance-stream order relationships appeared

slightly different than when all sites were combined. As in the graphs of mean relative

abundance for both subbasins, cutthroat trout were most abundant at smaller stream sites

in the Tillamook subbasin, and reticulate sculpin were relatively common at all three

stream orders (Figure 4.12). Steelhead were also proportionately more abundant at

smaller stream sites. Coho salmon composed about 5% of fish assemblages at second-

order sites, but were rare at first- and third-order sites. Coast range sculpin were present

only at third-order sites. Riffle sculpin appeared to be most common at first- and second-

order sites.
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Figure 4.12: Comparison of fish assemblages in three stream orders - Tillamook subbasin
(mean relative abundance with 95% confidence intervals)

In the Kilehis subbasin, cutthroat trout were also much more abundant at first-

order sites (Figure 4.13). Coho salmon appeared to make up proportionately more of the

fish assemblages at the second- and third-order sites, but were rare at the smaller sites.

Steethead appeared to be more abundant at first- and second-order sites. There were no

apparent trends in trout <60 mm or reticulate sculpin, which made up, on average, 20-

30% of the fish assemblages at all sites. Finally, as in the Tillamook subbasin, coast

range sculpin became a dominant part of the fish assemblages only at third-order sites in

the Kilchis subbasin. Both reticulate sculpin and torrent sculpin were a common part of

fish assemblages at all three stream orders.
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Figure 4.13: Comparison of fish assemblages in three stream orders - Kilchis subbasin
(mean relative abundance with 95% confidence intervals)

4.8 Environmental Variables Between Subbasins and Among Stream Orders

Tests reported in sections 4.6 and 4.7 showed differences in the fish assemblages

between the Kilchis and Tillamook subbasins and among three stream orders.

Ordinations and regressions in sections 4.3 and 4.4 identified variables most correlated to

fish assemblages (NMDS ordinations) and variables best at predicting single species

abundances (multiple linear regression). These variables were compared between

subbasins and among the three stream orders (Tables 4.4-4.5). Variation (standard

deviation) for most variables was high because of environmental variation among sites,

but there appeared to be differences that, although not statistically significant, may have

affected fish assemblages. Tillamook sites had higher turbidity and percent fine

sediments. Tillamook subbasin sites also had greater variability and ranges of these
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environmental measurements. Kilchis sites had larger substrates and less variation in

substrate size. Kilchis sites also appeared to be wider and have slightly higher average

gradient than Tillamook sites. There did not appear to be any differences in in-channel

LWD volume between sites in the two subbasins.

As expected, stream gradient decreased with stream order, and stream width and

depth increased with stream order. Substrate size appeared to change little with stream

order, but appeared to be slightly higher in third-order sites (which were 75% Kilchis

sites). Percent fmes decreased with stream order. While substrate size and fme

sediments varied greatly among sites, substrate sizes at third-order sites may have been

influenced by the preponderance of Kilchis subbasin sites (which tended to have larger

substrates) in that sample. Canopy presence appeared to increase and become less

variable with stream order. LWD in-channel volume decreased with stream order

(smaller sites had more LWD per m2 than larger sites)
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Table 4.4: Comparison of environmental variables with strong correlations to fish assemblages between Tillamook and Kilchis
subbasins (all sites with fish present, excluding two fish assemblage multivariate outliers)

Environmental Variable Tillamook Kilchis
Mean SD Med Range Mean SD Med Range

Streamgradient(%) 1.9 1.9 1.2 0.0-6.8 2.9 2.7 2.1 0.4-12.9
Log[mean substrate diameter (mm)] 0.3 1.7 0.8 -2.5-2.2 1.7 0.6 1.8 -0.8-2.7
Turbidity (NTU) 5.7 13.0 2.2 0.5-58.9 0.5 0.6 0.3 0.2-3.5
% fines 32.0 34.6 17.0 0.0-100.0 2.1 9.4 0.0 0.0-50.0
Bankfullwjdth(m) 8.9 5.0 8.3 1.8-18.8 18.8 9.0 16.7 4.7-35.8
Wettedwidth(m) 5.2 3.1 5.4 0.8-11.8 10.1 6.5 9.0 2.1-26.1
%slowwater 55.1 29.8 51.0 12.0-100.0 44.0 18.8 47.6 9.3-82.0
% fast water 44.4 29.9 49.0 0.0-88.0 56.0 18.8 52.4 18.0-90.7
Thaiweg depth (cm) 39 20 36 9-74 50 27 43 14-116
Canopy presence (%) 72.4 34.3 86.4 0.0-100.0 92.4 19.6 100 0.0-100.0
Coniferous canopy presence (%) 22.8 22.2 13.6 0.0-81.8 23.1 26.0 15.9 0.0-100.0
In-channelLWD(m3/m2) 0.05 0.06 0.02 0.0-0.20 0.05 0.10 0.01 0.0-0.50



Table 4.5: Comparison of environmental variables with strong correlations to fish assemblages among three stream orders (all sites
with fish present, excluding two fish assemblage multivariate outliers)

Environmental Variable
1st-order 2nd-order 3rd-order

Mean SD Med Range Mean SD Med Range Mean SD Med Range
Stream gradient (%) 4.4 3.3 3.5 0.7- 1.8 1.2 1.9 0-4.0 1.1 0.6 0.9 0.4-2.1

12.9
Log[meansubstratediameter 0.8 1.6 1.5 -2.5- 1.0 1.3 1.6 -2.0- 1.9 0.5 1.9 0.8-2.7
(mm)] 2.3 2.3
Turbidity (NTU) 4.7 14.1 0.6 0.2- 1.7 2.0 0.5 0.2-5.6 0.8 0.9 0.4 0.2-3.0

58.9
% fines 20.6 34.6 1.8 0- 15.7 26.8 0.0 0-81.8 2.8 5.0 0.9 0-17.0

100.0
Bankfullwidth(m) 8.3 4.2 8.4 1.8- 13.9 7.3 12.6 4.8- 25.4 6.7 25.9 13.1-

14.3 32.7 35.8
Wetted width (m) 3.6 2.0 3.0 0.8-7.3 7.4 2.9 6.5 3.6- 15.5 5.7 14.9 8.2-

13.8 26.1
%slowwater 35.3 19.0 36.0 9.3- 51.8 29.1 48.5 10.0- 62.4 10.8 59.0 50.0-

80.0 100.0 82.0
%fast water 64.3 19.5 63.3 20.0- 48.1 29.2 51.5 0-90.0 37.6 10.8 41.0 18.0-

90.7 50.0
Thalweg depth (cm) 23 10 24 9-39 46 15 43 30-77 75 18 72 54-116
Canopy presence (%) 74.1 35.8 95.5 0- 88.8 23.8 100. 4.5- 92.0 16.7 97.7 40.9-

100.0 0 100.0 100.0
Coniferous canopy presence (%) 19.3 22.0 13.6 0-72.7 21.7 23.7 13.6 0-81.8 29.9 28.5 20.5 0-

100.0
In-channel LWD (m3/m2) 0.11 0.12 0.06 0-0.47 0.03 0.03 0.02 0-0.12 0.01 0.01 0 0-0.02



4.9 Temporal Variability at Three Sites in the Tillamook and Kilchis Subbasins

4.9.1 Fish Assemblages

Multivariate analysis of fish relative abundance data using MRPP showed greater

distances among the three different variability sites than among the four repeat visits to

the same site at different times of the year and in different years (p= 1.3 5x1 O-). Also,

using data from variability sites, there were no differences between the group of early

versus the group of late season sample sites (p=O.757, from MIRPP) or between the group

of 1998 versus the group of 1999 sample sites (p=O.889). In an NMDS ordination of all

sites with fish present that included all four visits to each variability site as separate

sample points (Figure 4.6), repeat visits to the same sites fell fairly close to each other in

ordination diagrams. There was some variability in the fish assemblages at sites 44 and

60 in the Kilchis subbasin over the four visits that was driven by variability in steethead

and trout <60 mm relative abundances. However, when the third-order sites were

removed from the ordination (as in some of the NMII)S ordinations in section 4.4 below),

the fish assemblages plotted closer together in the ordination of sites in fish species space

(Figure 4.7). However, variation in steelhead relative abundance between visits still

affected the position of the sites in fish space for Kilchis subbasin sites, particularly for

site 44 at which there appeared to be seasonal variability in fish assemblages.
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Figure 4.14: NMDS ordination of all sites in fish space showing repeat visits to
variability sites (shaded triangles); n=47

49



304
Reticulate
Scuin

Cutthroat

A

A

60 3

Trout<Omm

30_2 .A 44_144
30 A I- £444

1442tehead -

Primary Axis (R2=O.477)

Figure 4.15: NMDS ordination of first- and second-order sites in fish space showing
repeat visits to variability sites (shaded triangles); n=35

Comparisons of fish species relative abundances for each of the four visits to the

variability sites (Tables 4.6-4.8) also showed little difference in fish species relative

abundance among the four visits to site 30 in the Tillamook subbasin, but there appeared

to be minor differences in trout and sculpin relative abundances in early versus late

season visits to the two Kilchis subbasin sites (sites 44 and 60).
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Table 4.6: Fish species relative abundance across variability site 30, upper Tillamook
River

Table 4.7: Fish species relative abundance across variability site 44, North Fork Kilchis
River
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Species Visit 1 Visit 2 Visit 3 Visit 4
%Steelhead Trout 0 0 0 0
%Cutthroat Trout 6.9 7.2 2.8 5.0
%Coho Salmon 21.2 18.4 24.5 12.9
%Chinook Salmon 0 0 0 0
%Reticulate Sculpin 60.0 60.5 54.7 54.5
%TorrentSculpin 3.8 9.9 12.3 11.9
%Coast Range Sculpin 0 0 0 0
%Riffle Sculpin 6.2 0 3.8 10.9
%Prickly Sculpin 0 0 0 0
%Pacific Lamprey 1.9 4.0 1.9 5.0
%Three-spined Stickleback 0 0 0 0
%Trout<6Omm 0 0 0 0

Species Visit 1 Visit 2 Visit 3 Visit 4
%Steethead Trout 25.2 58.1 26.9 42.7
%Cutthroat Trout 11.7 1.8 11.5 3.9
%Coho Salmon 2.3 2.4 0 2.9
%Chinook Salmon 0 0 0 0
%ReticulateSculpin 36.3 16.2 28.8 11.6
%TorrentSculpin 8.8 6.0 15.4 14.6
%Coast Range Sculpin 0 0 0 0
%Riffle Sculpin 0 0 0 0
%Prickly Sculpin 0 0 0 0
%Pacific Lamprey 0 0 0 0
%Three-spined Stickleback 0 0 0 0
%Trout <60 mm 15.8 15.6 17.3 24.3



Table 4.8: Fish species relative abundance across variability site 60, Little South Fork
Kilchis River

These minor differences could be due either to variability in collection methods

among visits or variability of the fish assemblages through the summer or between

sample years. In general, based on IvIRPP and NIvI1DS ordinations of variability sites, it

appeared that fish collection methods were consistent enough to allow fish assemblage

differences between sites to be distinguished and that fish assemblages at the same site

were reasonably consistent in composition over time.

4.9.2 Physical Habitat

Physical habitat data collected using EMAP protocols have been extensively

tested for precision at replicate observations of sites in both Oregon and the mid-Atlantic

region. At least 20 visits to 8 to 12 sites were needed to assess precision of physical

habitat metrics in EPA studies (Kaufinann et al. 1999). In general, channel morphology

and substrate metrics had the highest signal to noise ratios (Kaufrnann et al. 1999).

Analyses of our environmental data from the three Tillamook!Kilchis variability

sites are shown in Tables 4.9-4.11 below. Although our data on environmental variability

within sites are limited to four visits to each of three sites, environmental conditions

52

Species Visit 1 Visit 2 Visit 3 Visit 4
%Steethead Trout 1.4 11.4 2.6 13.4
%Cutthroat Trout 0.7 0.3 0.7 2.4
%Coho Salmon 1.7 3.6 3.0 0.6
%Chinook Salmon 0 0 0 1.2
%Reticulate Sculpin 24.8 40.2 9.7 20.1
%Torrent Sculpin 7.1 3.6 6.3 3.0
%Coast Range Sculpin 57.6 38.9 64.3 47.6
%Riffle Sculpin 0 0 1.1 3.7
%Prickly Sculpin 0 0 0 0
%Pacific Lamprey 0 0.6 1.1 0
%Three-spined Stickleback 0 0 0 0
%Trout<6Omm 6.8 1.3 11.2 7.9
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appeared to be reasonably consistent over time. For example, there was no evidence of a

difference in stream gradient among return visits (p=O. 110; p=O.l 94; pO.13l for sites

30, 44, and 60 respectively). For sites 44 and 60, there was also no evidence of a

difference in wetted width (p=O.373; p=0.392) or substrate size class (p=O.325; p=O.'783)

among the four visits to each. However, for site 30 on the upper Tillamook River, there

was evidence of a difference in wetted width between 1998 and 1999 visits (p0.003) and

a possible difference in substrate size class among all four visits (p=0.050), but not

between the two years (p=O. 183).

Table 4.9: Environmental metrics across variability site 30, upper Tillamook River (with
mean and standard deviation of four observations)

Variable
Mean wetted width (m)
Mean thaiweg depth (cm)
Streamfiow (m3/second)
Mean stream gradient (%)
% slow water habitat (pools
+ glides)
% of reach with riparian
canopy present
% of reach with coniferous
canopy present
LWD in active stream
channel (m31m2)
Log[mean substrate
diameter (mm)]
% Sand + fmes

Visit 1 Visit 2 Visit 3 Visit 4 Mean SD

4.5 4.1 5.7 5.1 4.9 0.7
40 41 45 37 41 3

0.035 0.0 19 0.072 0.026 0.038 0.024
0.7 0.5 1.2 1.4 1.0 0.4
71 71 61 74 69 6

100 96 96 91 96 4

14 27 18 18 19 6

0.07 0.09 0.07 0.08 0.08 0.01

-0.3 0.7 -0.3 -0.2 0.0 0.5

58.2 36.4 61.8 67.3 55.9 13.5



Table 4.10: Environmental metrics across variability site 44, North Fork Kilchis River
(with mean and standard deviation of four observations)

Variable
Mean wetted width (m)
Mean thaiweg depth (cm)
Streamfiow (m3/second)
Mean stream gradient (%)
% slow water habitat (pools
+ glides)
%ofreach with riparian
canopy present
% of reach with coniferous
canopy present
LWD in active stream
channel (m3/m2)
Log[mean substrate
diameter (mm)]
%Sand+fmes

Table 4.11: Environmental metrics across variability site 60, Little South Fork Kilchis
River (with mean and standard deviation of four observations)

Variable
Meanwettedwidth(m)
Mean thaiweg depth (cm)
Streamfiow (m3/second)
Mean stream gradient (%)
% slow water habitat (pools
+ glides)
%ofreach with riparian
canopy present
% of reach with coniferous
canopy present
LWDinactivestream
channel (m3/m2)
Log[mean substrate
diameter (mm)]
%Sand+fines
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Visit 1 Visit 2 Visit 3 Visit 4 Mean SD
6.5 7.4 8.7 7.5 7.5 0.9
47 43 47 39 44 4

0.084 0.053 0.19 0.057 0.096 0.064
4.0 3.2 2.8 2.6 3.2 0.6
36 35 41 37 37 3

100 100 100 100 100 0

9 4 4 9 7 3

0.00 0.04 0.02 0.01 0.02 0.02

1.8 2.1 2.1 2.2 2.1 0.2

7.3 7.3 5.5 5.5 6.4 1.0

Visit 1 Visit 2 Visit 3 Visit 4 Mean SD
11.6 12.3 13.8 12.4 12.5 0.9

56 60 74 63 63 8
0.509 0.158 0.583 0.286 0.384 0.197

1.3 0.7 1.4 0.8 1.1 0.4
51 65 58 67 60 7

100 100 100 100 100 0

64 27 46 41 44 15

0.01 0.02 0.01 0.01 0.01 0.01

1.8 1.8 1.5 1.7 1.7 0.1

14.5 10.9 18.2 14.5 14.5 3.0
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Although this small-scale study demonstrated some variability in the

environmental metrics across sites, we sampled far fewer sites than would be needed for

assessing metric precision (Kaufmann et al. 1999). An MRPP test using the

environmental variables selected (partly from signal to noise ratio from EPA studies, as

described in section 3.3.2) for regression analysis (excluding the subbasin indicator

variable and the sample year variable) showed that there was a greater distance among

the three different variability sites than among visits to the same site (p2. lxi Os).

Differences in environmental variables among visits may be due to inconsistencies in

measurement, imprecision of metrics, or change in environment over time.



5 DISCUSSION

Analyses of fish assemblages at all sample sites and at a subset of first- and

second-order sites showed differences in fish assemblages among all sample sites,

between sites in the Kilchis and Tillamook subbasins, and among sites in three stream

orders. The NMDS ordinations were successful at capturing the variability in fish

assemblages. While factors other than reach-level environmental variables can influence

fish distribution and abundance, the reach-level factors that were measured were not only

correlated to fish assemblages in ordinations but also explained variation in fish species

relative abundances in regression analyses. This suggests that environmental conditions

at the reach scale are important influences on fish species composition and relative

abundances in freshwater habitat.

5.1 Fish Assemblages

Trends in fish assemblage-environment relationships were demonstrated by the

ordinations of fish species relative abundance. Cutthroat trout, reticulate sculpin, and

trout <60 mm were present in the highest relative abundances at different sites. Cutthroat

trout relative abundance was correlated to stream gradient, reticulate sculpin to small

substrates, and trout <60 mm to larger substrates. Relative abundances of cutthroat trout,

reticulate sculpin, and trout <60 mm alone accounted for much of the variation in fish

assemblages among first- and second-order sites. At first- and second-order sites alone

steelhead relative abundance varied little. Therefore, steelhead played an equal role in

assemblages at all sites and there were not strong environmental correlations to steethead

relative abundance. However, when third-order sites were included, steethead and trout

<60 mm occurred in the highest relative abundances at sites with larger substrates.

Perhaps steethead were avoiding reaches most impacted by siltation and fme sediments,

which Kostow (1997) listed as an impact on juvenile steethead survival. Roper et al.

(1994) also found juvenile steelhead to be widely distributed in the South Umpqua
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drainage in Oregon with the steethead mostly occupying riffles in the downstream

reaches and poois in the upper reaches. However, only in the Tillamook subbasin was

there a link between steelhead relative abundance and stream habitattype, with steelhead

relatively more abundant at sites with faster water. Steelhead and cutthroat trout did not

occur in high relative abundances at the same sites. Perhaps this was due to competitive

interactions between the two species, as suggested by Kostow (1995).

In the Kilchis subbasin, five species (cutthroat trout, steethead, trout <60 mm,

coast range sculpin, and reticulate sculpin) dominated the assemblages. However, in

contrast to the assemblages at all sites, trout species no longer occurred in the highest

relative abundances at sites with large substrates. Coast range sculpin were positively

correlated to measures of stream size, and cutthroat trout relative abundance remained

correlated to stream gradient. Perhaps there was no correlation of substrate to fish

assemblages in the Kilchis ordination because the Kilchis subbasin sites provided less of

a range of substrate types, with few sites dominated by fme sediments. A lack of

environmental diversity and three cosmopolitan fish groups (steethead, reticulate sculpin,

and trout <60 mm) at the Kilchis sites may have been responsible for the lack of

environmental correlations to sites with the highest relative abundances of these groups.

In addition, the effects of current or historic hatchery supplementation may have masked

environmental correlations to steelhead relative abundance in the Kilchis subbasin.

Although none of the steethead smolts that we encountered were of direct hatchery origin

(no fm-clipped fish were encountered), it is estimated that 66% of winter steelhead

spawning in the Kilchis subbasin are of hatchery origin (Oregon Department of Fish and

Wildlife 1997; Chilcote 1998).

In the Tillamook subbasin, steethead and torrent sculpin occurred together and

were correlated to substrate size and fast-moving water, while riffle sculpinswere

correlated to percent slow water and stream depth. There were no strong environmental

correlations to sites with high relative abundances of the cosmopolitan reticulate sculpin.

Removal of reticulate sculpin from analyses left a large portion of the variance in the fish

assemblage unexplained by the ordination. So, despite the lack of apparent

environmental correlations to reticulate sculpin relative abundance at the Tillamook sites,

it was a dominant component of the fish assemblages, especially at sites where steethead,
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torrent sculpin, and riffle sculpin were moderately abundant. The cosmopolitan reticulate

sculpin may have occupied stream reaches uninhabited by less tolerant species, as

described by Bond (1963).

When using fish species relative abundance data, there were no strong

correlations between coho salmon relative abundance and environmental variables.

However, presence/absence data showed that coho salmon were present at sites where

reticulate sculpin and riffle sculpin were also present (mostly Tillamook sites). These

three species tended to occur at deeper, low-gradient sites. Bugert et al. (1991) found that

of three salmonid species studied in Alaska streams, coho salmon occupied deeper areas

and used most of the water column. Sandercock (1991) also noted coho's preference for

pools, especially those with large wood for cover. Coho salmon were not dominant in

fish assemblages relative to other species, but were present at over half of the sites.

Therefore, analysis of presence/absence data showed environmental correlations to coho

presence. While these data provided no insight into where coho salmon were most

abundant, they added insight into where coho could be found. Other studies have linked

coho survival to the quantity of woody debris in the stream and to habitat complexity

(Quinn and Peterson 1996; Sandercock 1991). None of our sample sites contained the

old growth conifer forests and complex habitats described as historical coho habitat by

Kostow (1997). Spalding et al. (1995) concluded that the most important function of

wood in providing coho habitat in streams was pool formation. In the Spalding et al.

study, there was no evidence of an effect of smaller, brushy debris on coho survival

and/or growth. In the Tillamook basin, there was not a correlation between coho salmon

and woody debris. However, brushy debris and small wood were more dominant at our

sites than wood large enough to form poois. Although this smaller wood could provide

fish cover, its inability to form pools may explain the lack of correlation to coho salmon

presence. Perhaps the low-gradient pool habitat at sites where coho salmon were present

provided the best substitute for the old-growth coniferous forests that provided coho

habitat in the past.



5.2 Single Species Predictions

When analyzed separately, cutthroat trout, torrent sculpin, and reticulate sculpin

were correlated to many of the environmental variables that were important to entire fish

assemblages. Krohn (1968) found that reticulate sculpin ranged over small areas in three

coastal streams. Reach-scale environmental variables probably have the greatest

correlations to these types of sedentary species. In the single-species regression analyses,

gradient, residual pooi volume, bed stability, and substrate diameter were all predictors of

reticulate sculpin relative abundance. Analysis of torrent sculpin showed that relative

abundance could be predicted by a complex equation when all significant interactions

were included, but the predictor with the largest effect was mean wetted stream width.

The graphs of the fish assemblages in each stream order showed that torrent seulpin were

proportionately most abundant in the middle stream reaches (second order streams).

Since third-order sites were not included in these regression analyses, the second order

sites where the torrent sculpin was most abundant were the widest sites included in the

analyses, enhancing the correlation to wetted width. Most of the variance in cutthroat

trout relative abundance could be explained by stream gradient (as expected from

ordination results), but in-channel LWD was also a factor positively correlated to

cutthroat trout relative abundance The consistently high correlations of cutthroat trout to

stream gradient in both entire assemblage and single species analyses indicated that

cutthroat were relatively most abundant in headwater streams. Generally, Oregon coastal

cutthroat trout spawn in small tributaries, but prefer low-velocity margin areas and pools

for rearing (Kostow 1995). In our study, the lower relative abundances of cutthroat at the

low-gradient sites were confounded by land use differences. While there were gradient

differences between first- and third-order sites, there were also land use differences, as

dairy farms predominated at the more accessible low-gradient (third-order) sites.

Therefore, it is difficult to extricate the effects of gradient from the effects of land use on

cutthroat trout distribution in the Tillamook and Kilchis subbasins.

The regression analyses of single species were less successful at predicting the

relative abundances of the anadromous coho and steelhead as well as the relative

abundance of trout <60 mm. Anadromous species like coho salmon and steelhead are

59



60

influenced by factors other than the on-site environmental factors measured, including

ocean conditions, fish stocking practices, or environmental variables at other scales

(Kostow 1997; Sandercock 1991). Substrate diameter was a predictor of the relative

abundances of steelhead and trout <60 nmi. However, this and other reach-level

environmental variables could only explain a little more than half of the variance in

steelhead relative abundance and less than two-thirds of the variance in trout <60 mm

relative abundance among sites. Perhaps trout <60 mm lacked environmental correlates

because this group was composed of varying proportions of two different species

(cutthroat and steethead), which have different habitat requirements. Prediction of coho

salmon relative abundance was even less successful than steelhead and trout fry

prediction. Perhaps coho lacked a good environmental predictor because, even at the

most abundant sites, coho made up a small portion of the fish assemblage, so there was

little variability in coho relative abundance among sites. The fact that logistic regression

failed to improve prediction of coho presence may indicate that there were not large

environmental differences between sites with and without coho present and that other

variables were driving coho abundance/presence.

5.3 Assemblage versus Single Species Analyses

There was some agreement between the multivariate approach and the univariate

(regression) approach to analyzing the fish species relative abundance data; both showed

that stream gradient and substrate composition were key environmental factors.

However, the ordinations provided the most insight into the spread of species within fish

assemblages, showed fish assemblage composition at particular sites, and revealed

environmental correlations to entire fish assemblages. Ordinations added a biological

element to analyses by showing which species tended to increase in relative abundance

together, and which species rarely co-occurred. With NMDS ordinations, entire

assemblage trends could be interpreted when sites were plotted based on the relative

abundances of many fish species. For example, while both regression analyses and

NMDS ordinations showed correlations between cutthroat trout relative abundance and
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stream gradient, NMDS put this relationship in the context of other species, showing that

these high-gradient cutthroat sites fell in the middle of the gradient of steethead and

reticulate sculpin relative abundances. Regression analyses, while limited to single

species, can be used to predict relative abundances based on the environmental variables

in each model.

Multiple regression analyses are limited to distributions that are not radically

skewed by many zero values. Therefore, analyses of rare species were not possible.

While NIvIDS also failed to reveal the role of some of these rare species in the fish

assemblages, it showed trends in more species than were possible with regressions.

While prickly sculpin, juvenile Pacific lamprey, three-spined stickleback, and chinook

salmon were part of the fish assemblages at several sites, none of the methods used were

able to show environmental correlations to trends in these species' relative abundances.

NMDS ordinations have the potential to explain the presence/abundance of species that

were present in low numbers at many sites, but still cannot explain the

presence/abundance of rare species found at few sites.

5.4 Unexplained Variance

For all species analyzed and for both types of analyses, the unexplained variance

in relative abundances could be attributed to unmeasured environmental factors or

variation of fish capture efficiencies among different habitats (as suggested by Reynolds

et al., in prep). Ocean conditions, stream conditions downstream of the studied habitat,

and hatchery practices can all affect fish abundance, and, in the case of downstream

passage barriers, fish presence. Anadromous fish use the stream habitat only during

certain life stages. In an open system, factors such as food availability and other biotic

interactions may also play roles in fish distribution and abundance. However,

incorporating the effects of large-scale factors such as ocean conditions or downstream

conditions is not practical in reach-level studies that focus on effects of variation in

smaller scale variables such as substrate, gradient, and stream size. These reach-level
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factors, which indicate the importance of freshwater stream habitat, can explain much of

the variation in fish assemblages among sites.

For this study, fish and habitat data were collected only in summer. Summer low-

flow sampling allows comprehensive fish assemblage data to be collected at many

sample sites that would not be possible during higher winter flows. However, we have

no information about habitat use at other times of the year. In particular, anadromous

species such as chinook salmon and chum salmon that migrate in spring before sampling

began were not major contributors to fish assemblages but may have been earlier in the

season. Therefore, only inferences about summer fish assemblage-habitat associations

can be made.

The lack of predictive ability of the environmental variables for anadromous

species suggests that these species may be more appropriately studied on a larger spatial

and/or temporal scale. Steethead trout, coho salmon, chinook salmon, and any sea-run

cutthroat collected spend only part of their lives within the study reach, and are affected

by many different factors at other spatial and temporal scales. The reach level appeared

to be the appropriate scale for studying environmental relationships to common sculpin

species and cutthroat trout with single-species analyses.

5.5 Fish Assemblages between Subbasins and among Stream Orders

The separation of Tillamook and Kilchis sites in the NMDS ordinations and the

effect of stream subbasin in some of the regression analyses suggested differences in fish

assemblages between the two subbasins. Similarly, differences in fish assemblages

among stream orders were suggested by fish assemblage correlations to measures of

stream size. These implied differences were confirmed by MIRPP tests for differences in

fish assemblages between the two subbasins and among the three stream orders. The

relative abundance of each species varied greatly across sites and ranged from 0% to over

60% for two of the dominant species (steelhead and trout <60 mm) and from 0-100% for

reticulate sculpin. Therefore, there were large 95% confidence intervals associated with

the mean relative abundance of each species, as shown in Figure 4.1 and Figures 4.9-



63

4.13. Despite the variability among sites in species relative abundances, these figures

helped illustrate the fish species differences between subbasins and among stream orders

that contributed to the differences in entire assemblages indicated in the multivariate

MRPP analyses.

One source of the variation in fish assemblages between subbasins was the

differing contributions of the five sculpin species, which accounted for an average of

75% of the fish assemblages in the Tillamook system, but less than 50% of the fish

assemblages in the Kilchis system. The remaining 50% of the assemblages in the Kilchis

subbasin were composed of salmonid species, most of which were trout <60 mm,

steelhead, and cutthroat trout. Most of the Tillamook sites had high relative abundances

of reticulate sculpin that occurred in the highest relative abundances at sites with fme

substrates, high embeddedness, and high turbidity. On average, sites in the Tillamook

subbasin had more fme sediments than Kilchis subbasin sites. There was also greater

variability in percent fme sediments among Tillamook sites than among Kilchis sites.

The Kilchis subbasin provided sites with larger substrates where steelhead and trout <60

mm occurred in the greatest relative abundances. The steethead and juvenile trout may

have been using the large cobble and boulder substrates as cover in the absence of large

wood. Fish assemblages reflected apparent environmental differences between the

subbasins that could have been due to differing geology as well as to differing land use

between the subbasins.

Fish assemblage differences among stream orders coincided with environmental

differences among the three stream orders. Different types of habitat were available in

larger streams than were available in smaller streams. Differences in fish assemblages

among stream orders also indicated species changes along a longitudinal continuum

(Vannote et al. 1980). Cutthroat trout, which could be predicted by gradient, were most

dominant in the higher gradient headwater streams in both subbasins, as expected from

the descriptions of coastal cutthroat trout habitat in Kostow (1995). Steelhead trout,

dominant in first-order sites in the Tillamook subbasin and first- and second-order sites in

the Kilchis subbasin, were correlated to substrate size gradients in the ordinations.

Comparisons of mean substrate diameter for the three stream orders indicated little

difference in substrate size among the three orders. Perhaps an unmeasured factor was
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limiting steelhead to these smaller sites. For example, young steelhead may have been

present at sites where there was adequate spawning gravel if they had not yet dispersed

downstreani, or young fish may have been confmed to upper reaches due to competition

from larger (older) steelhead in the lower reaches (as suggested by Harvey and Nakamoto

1997).

Coast range sculpin became more prevalent at third-order sites. The distribution

of coast range sculpin is not well understood in the Tillamook subbasin because there

were only three third-order sites surveyed. However, in the Kilchis subbasin, coast range

sculpin occurred in the greatest relative abundances at wider, deeper sites, and their

higher relative abundances at third-order sites was expected given the greater average

widths and depths at these sites. Bond (1963) described coast range sculpin as occupying

lower stream reaches and open, shallow riffles. This type of habitat was most prevalent

at our sites in the lower reaches of the Kilchis subbasin.

Other interesting trends in sculpin species abundance among stream orders

included the greater proportion of torrent and riffle sculpins in middle reaches, neither of

which could be entirely explained by environmental correlates and may have been due, in

part, to interactions with other sculpin species. Bond (1963) noted that when riffle

sculpins occurred with reticulate sculpins, riffle sculpins tended to be rare and reticulate

sculpins often dominated. Reticulate sculpin were widespread throughout all stream

orders in the Tillamook subbasin, perhaps because the high proportions of fme sediments

excluded competing sculpin species from these sites, allowing the opportunistic reticulate

sculpin, which can be found on almost any substrate type, to dominate (Bond 1963).

Reticulate sculpin occurred throughout all reaches in the Marys River system in western

Oregon (Finger 1980). Torrent sculpin occurred only in the middle and lower reaches of

the Marys River (Finger 1980) and in middle reaches in Oregon streams in general (Bond

1963), similar to patterns observed in the Tillamook and Kilchis watersheds. Torrent

sculpins were often found associated with riffles and swift water but did not extend into

high-gradient headwater streams (Bond 1963; Finger 1980). This was apparent in the

Kilchis subbasin where there were no torrent sculpins found at first-order sites.

Sculpin species made up, on average, over 50% of fish assemblages in both

subbasins and at first-, second-, and third-order sites. This is consistent with existing data
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for coastal streams. Sculpins were also the most abundant species in regional monitoring

studies conducted throughout the Oregon Coast Range by the Oregon Department of

Environmental Quality (DEQ) and U.S. EPA (1999).

5.6 Other Trends

The two types of analyses agreed that on a site or reach scale, the most important

factors in determining species relative abundances were stream gradient, substrate type,

and stream size. There were no strong correlations of any species to large woody debris

(LWD) (except for a correlation of cutthroat relative abundance to a qualitative visual

estimate of LWD cover). In regression analyses, in-channel LWD was a predictor of

cutthroat trout, steethead, and torrent sculpin. While LWD was not correlated to entire

fish assemblages, it did play a small role in explaining individual species relative

abundances. Many of the reaches we sampled, particularly in the Kilchis subbasin were

depauperate of LWD (Follansbee and Stark 1998). Perhaps we had too few sites with

moderate or high amounts of LWD to show any effect on fish assemblage composition.

Loss of structure provided by LWD in higher gradient streams may have accounted for

habitat that was less favorable to coho salmon (Reeves et al. 1993). If this was the case

in the relatively structure-poor Kilchis subbasin, it could explain the few coho salmon

found there and the lack of correlations between coho and environmental variables.

Although some Tillamook sites had more LWD than Kilchis sites, most of it was small

and may not have been substantial enough to improve coho habitat. Therefore, the only

correlation to coho presence that appeared was the correlation to stream depth.

Several of the regression models for species relative abundance included the

proportion of the reach with coniferous canopy present as an explanatory variable.

Because conifers were present at few sites and in low numbers at most of those sites, I

suspect that, in this study, this variable alone was not an important driver of cutthroat,

steelhead, or reticulate sculpin relative abundance, but may have been correlated to

another, possibly unmeasured, factor. Conifers could have indicated the amount of past

disturbance at the site, and the potential for large wood recruitment.



5,7 Future Research

Further studies are needed to determine additional factors correlated to

anadromous fish abundance, identify environmental predictors/correlations for rare

species, determine any biological interactions within the fish assemblages, explore

longitudinal trends in fish and environmental data within each watershed, and determine

potential links between the important environmental variables and land use. Reeves et al.

(1993) suggested that at a basin or subbasin scale, the level of timber harvest may affect

the structure and/or composition of fish assemblages, and they advocated basin-level

studies to detect the effects of timber harvest on fish assemblages. Strittholt and Frost

(1995) urged an entire watershed approach to understanding the effects of environmental

changes. Perhaps some of the environmental factors associated with fish assemblages

can be linked to differences in land use between subbasins, but additional data on the

relationship of the important environmental variables and land use practices is necessary.

While site-level environmental correlations were apparent in this study, the larger effects

of land use were not directly measured and may have been masked at this smaller scale.

By taking an entire fish assemblage approach, future studies could examine the effects of

land use on all species in the system.
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6 CONCLUSIONS

These results provide valuable insight into fish-habitat relationships in the

Tillamook basin. Although many factors other than the reach-scale environmental

measurements can affect fish assemblage structure, the reach-scale environmental

variables were correlated with fish species relative abundance at both the fish assemblage

and the single species level. However, for the entirely anadromous steethead trout and

coho salmon, factors other than the measured environmental variables also affected

relative abundances. Habitat correlations andlor the prediction of fish species relative

abundance with environmental variables were not possible for the four rarest species.

There were distinct differences in the fish assemblages in the Kilchis and Tillamook

subbasins, which were linked to differences in important environmental variables

(identified with NMDS and multiple linear regression) between the subbasins.

Cutthroat trout were most abundant in high-gradient sites and tended not to occur

in the highest relative abundances at the same sites as steethead trout. Steelhead and trout

<60 mm were most abundant in reaches where boulder/cobbles were prevalent (possibly

for their use as cover). Torrent sculpin were also most abundant at sites with these

environmental characteristics. Coast range sculpin were most abundant at larger stream

sites. Reticulate sculpin were cosmopolitan, but were proportionately most abundant in

reaches with higher percentages of fine substrates where they dominated the fish

assemblages. Finally, coho salmon occurred at sites where reticulate sculpin and rifle

sculpin were also present. These sites tended to be deep, low-gradient sites that may

have provided a surrogate for the wood-formed pool habitat associated with coho salmon

habitat. Fish assemblages differed among stream orders, as might be expected because

many of the environmental correlations described above are measures of stream size,

indicating longitudinal changes in fish assemblages throughout the watersheds.

NMDS was successful at condensing the fish assemblage data from a large dataset

and extracting relevant environmental correlations from many environmental variables.

The multivariate analyses of entire fish assemblages allowed fish species to be analyzed

in context of all other species, including species like sculpins, for which there was little
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existing information in the two subbasins. This study also provides a basin-specific

example of correlations between environmental variables and fish assemblages. The

human activities listed as factors for salmon decline in the Oregon Plan (Oregon Plan

1997) that alter stream substrate composition or other key environmental factors may

have an affect on fish assemblages. Future studies that consider the links between

important environmental variables and land use could build upon the results of this study.
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SubbasinlSpecies
Chinook-fall

Kilchis
Miami
Tillamook
Trask
Wilson

Chinook-spring
Kilchis
Miami
Tillamook
Trask
Wilson

Coho
Kilchis
Miami
Tillamook
Trask
Wilson

Cutthroat-sea run
Kilchis
Miami
Tillamook
Trask
Wilson

Steelhead-summer
Kilchis
Miami
Tillamook
Trask
Wilson

Steelhead-winter
Kilchis
Miami
Tillamook
Trask
Wilson

1994 1995 1996 1997 1998 1999

Last stocked in 1993
Last stocked in 1983
Last stocked in 1982

61072 58217 82655 66986 53296 104412
Last stocked in 1988

Last stocked 1982
Last stocked 1982
Last stocked 1986

202259 216801 201098 144533 212525 189230
Last stocked 1986

Last stocked 1992
Last stocked 1988
Last stocked 1993

233 92 0 0 0 0
Last stocked 1987

Last stocked 1993
No stocking 1978-present
No stocking 1978-present
No stocking 1978-present

43063 55648 50811 50201 35875 17929

24997 41083 40084 39956 40012 39814
24974 0 0 0 0 0
24993 0 0 0 0 0

No stocking 1978-present
119967 99630 106472 88765 127801 72509
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Appendix A: Summary of Recent Fish Stocking in the Tillamook Bay Watershed
(from Oregon Department of Fish and Wildlife stocking records: ODFW, Portland,
Oregon)

Last stocked 1992
No stocking 1978-present

2137 0 0 0 0 0
227471 218216 248317 241050 241724 229885
180579 151548 118799 124258 127839 136261



Appendix B: Complete List of Environmental Metrics (metrics in bold were used in regression analyses)

Environmental Measurement Minimum Maximum Mean Standard
Deviation

Median Variable
Type

1. Mean wetted width of stream reach (m) 0.8 26.0 7.8 5.4 6.5 Quantitative
2. Standard deviation of wetted width (m) 0.2 11.4 3.1 2.4 2.2 Quantitative
3. Mean wetted width x depth (m2) 0.1 21.6 4.3 4.4 2.5 Quantitative
4. Standard deviation of wetted width x depth (m2) 0 17.5 2.8 3.2 1.5 Quantitative
5. Mean wetted widthlthalweg depth (rn/rn) 5.5 47.2 21.8 9.4 20.6 Quantitative
6. Standard deviation of wetted widthlthalweg

depth (rn/rn)
2.4 41.1 16.4 9.5 14.2 Quantitative

7. Mean bankfull width of stream reach (m) 1.8 323.7 19.3 40.2 12.2 Quantitative
8. Standard deviation bankfull width (m) 0.4 69.1 4.7 8.9 2.9 Quantitative
9. Mean bankfull height (m) 0.3 3.3 1.1 0.5 1.0 Quantitative
10. Mean incision height (m) 0 0.4 0 0.1 0 Quantitative
11. Mean depth of stream reach (cm) 5.0 82.8 20.6 14.0 17.3 Quantitative
12. Standard deviation of depth (cm) 3.8 105.6 22.8 16.2 19.4 Quantitative
13. Mean pooi depth in stream reach (cm) 9.5 170.9 66.9 33.2 57.2 Quantitative
14. Standard deviation of pool depth (cm) 3.8 105.0 27.1 19.6 20.6 Quantitative
15. Mean thaiweg depth in stream reach (cm) 8.8 138.3 46.7 25.8 40.3 Quantitative
16. Standard deviation of thaiweg depth (cm) 4.2 96.2 26.0 17.8 22.3 Quantitative
17. Sinuosity 1.01 2.04 1.19 0.21 1.09 Quantitative
18. % of reach classified as falls 0 2.7 0.1 0.4 0 Quantitative
19. % of reach classified as cascades 0 36.7 4.1 6.8 1.0 Quantitative
20. % of reach classified as riffle 0 88.7 42.8 22.6 43.3 Quantitative
21. % of reach classified as rapids 0 30.0 2.3 5.4 0 Quantitative
22. % of reach classified as glide 0 27.0 8.2 6.7 8.0 Quantitative
23. % of reach classified as pooi habitat 7.0 100.0 42.2 24.1 37.4 Quantitative
24. % of reach classified as dry/subsurface flow 0 0.8 0.3 1.2 0 Quantitative



Environmental Measurement Minimum Maximum Mean Standard
Deviation

Median Variable
Type

25. % of reach classified as fast water habitat (riffle,
cascade, falls, rapid) 0 90.7 49.3 24.4 50.0 Quantitative

26. % of reach classified as slow water habitat
(all pool types, glide)

9.3 100.0 50.4 24.5 50.0 Quantitative

27. Volume of LWD in active stream channel per
unit area (m3 wood/rn2)

0 1.22 0.07 0.17 0.02 Quantitative

28. Volume of LWD in active stream channel per
lOOm stream length (rn3 wood/lOOm)

0 161.51 23.47 31.23 11.57 Quantitative

29. Pieces of LWD in active stream channel per
lOOm stream length (pieces of wood/lOOm)

0 150.00 45.22 40.55 28.0 Quantitative

30. Pieces of LWD in active stream channel per unit
area (pieces of wood/rn2)

o 1.02 0.13 0.19 0.04 Quantitative

31. Mean stream gradient along stream reach 0 36.7 3.2 5.2 1.9 Quantitative
(%)

32. Standard deviation of stream gradient (%) 0 10.7 1.5 1.8 1.1 Quantitative
33. Substrate mean size class 1.0 4.6 3.1 1.0 3.5 Quantitative
34. Substrate median size class 1.0 5.5 3.2 1.1 3.5 Quantitative
35. Standard deviation of substrate size class 0 1.6 1.1 0.3 1.1 Quantitative
36. Log mean substrate diameter -2.4 2.7 1.1 1.4 1.7 Quantitative
37. Log erodible substrate diameter 1.0 3.1 2.2 0.5 2.3 Quantitative
38. Log relative bed stability -3.3 0.4 -0.8 0.8 -0.7 Quantitative
39. % of reach classified as bedrock substrate 0 50.0 9.0 9.8 5.4 Quantitative
40. % of reach classified as boulder substrate 0 38.2 10.5 9.8 9.1 Quantitative
41. % of reach classified as cobble substrate 0 41.8 18.0 11.6 20.0 Quantitative
42. % of reach classified as coarse gravel 0 40.0 19.5 10.1 21.8 Quantitative
43. % of reach classified as fme gravel 0 38.2 16.6 8.8 16.4 Quantitative
44. % of reach classified as sand substrate 0 36.4 9.0 7.2 7.3 Quantitative
45. % of reach classified as fmes substrate 0 100.0 15.8 28.8 0 Quantitative



Environmental Measurement Minimum Maximum Mean Standard Median Variable
Deviation Type

% of reach classified as sand + % of reach
classified as fmes
% of reach classified as hardpan substrate
% of reach classified as wood substrate
% of reach classified as coarse gravel and larger
substrate
% of reach classified as fine gravel or smaller
substrate
Mean bank angle of stream reach (degrees)
Mean stream bank undercut distance (m)
Mean % canopy cover measured from center of
stream channel - assesses canopy cover over
channel
Mean % canopy cover measured from edges of
stream channel - assesses riparian zone cover
Human influence metric (estimate based on
proximity of roads, buildings, pipes, riprap,
trash, lawns, agriculture, and logging to the
stream)
Mean fish cover - algae
Mean fish cover - aquatic macrophytes
Mean fish cover - LWD
Mean fish cover - brush
Mean fish cover - overhanging vegetation
Mean fish cover - undercut banks
Mean fish cover - boulders
Mean fish cover - all
Mean fish cover - big (LWD, boulders, banks)

o
0

0
0
0
0
0

6.4
0

100.0 24.8 29.4 10.9 Quantitative

11.1 0.8 1.6 0 Quantitative
29.1 2.4 4.8 0 Quantitative
87.3 55.3 28.3 67.1 Quantitative

100 41.1 25.2 30.9 Quantitative

76.4 33.4 15.7 28.1 Quantitative
0.2 0 0 0 Quantitative

100.0 74.6 22.9 83.8 Quantitative

100.0 88.2 12.7 92.8 Quantitative

95.4 28.6 22.0 22.0 Quantitative

8.6 0.3 1.3 0 Quantitative
45.4 2.8 8.0 0 Quantitative
50.8 6.4 9.1 3.2 Quantitative
48.6 11.0 10.4 6.8 Quantitative
87.5 10.2 16.3 4.6 Quantitative
10.4 1.7 2.6 0.4 Quantitative
48.6 18.0 14.0 23.2 Quantitative

126.4 47.4 24.5 42.0 Quantitative
62.7 26.2 14.4 26.8 Quantitative

0

0

O

0

10.9

13.9
0
0

33.8

0



Environmental Measurement Minimum Maximum

Riparian canopy (>5m high) estimate - trees
>0.3mDBH
Riparian canopy (>5m high) estimate - trees
<0.3mDBH
Riparian mid-layer (0.5 to 5m high) estimate -
woody cover
Riparian mid-layer (0.5 to 5m high) estimate
- herbaceous cover
Riparian ground-layer (<0.5m high) estimate -
woody cover
Riparian ground-layer (<0.5m high) estimate -
herbaceous cover
Riparian ground-layer (<0.5m high) estimate -
bare ground
Riparian canopy cover - all
Riparian mid-layer cover - all
Riparian ground-layer - all
Riparian canopy + mid-layer cover
Riparian canopy + mid-layer woody cover
Riparian cover - all three layers (canopy, mid-
layer, ground-layer)
% of reach with riparian canopy present
% of reach with riparian mid-layer present
% of reach with canopy and mid-layer present
% of reach with coniferous riparian canopy
present
% of reach with deciduous riparian canopy
present

0 54.2

O 72.5

0 87.5

0 25.6

o 51.6

24.9 87.5

0 63.9

0 76.8
0 92.5

31.0 108.0
0 123.8
0 117.3
0 168.9

0 100.0
o ioo.o
0 100.0
0 100.0

0 100.0

Mean Standard
Deviation

Median Variable
Type

18.5 14.2 17.6 Quantitative

21.8 17.5 15.2 Quantitative

32.6 17.9 30.4 Quantitative

5.9 4.8 4.8 Quantitative

8.6 7.7 5.9 Quantitative

57.8 19.2 54.4 Quantitative

20.7 17.0 18.3 Quantitative

40.3 19.0 44.7 Quantitative
38.5 19.6 36.7 Quantitative
66.4 19.5 65.2 Quantitative
78.7 28.2 84.8 Quantitative
72.8 26.3 77.9 Quantitative
81.4 30.1 77.9 Quantitative

84.2 28.9 100.0 Quantitative
91.4 20.4 100.0 Quantitative
84.1 28.8 100.0 Quantitative
22.1 22.6 14.3 Quantitative

83.0 29.6 95.4 Quantitative



Environmental Measurement Minimum Maximum Mean Standard
Deviation

Median Variable
Type

83. % of reach with mixed coniferous and deciduous
riparian canopy present

0 100.0 20.8 21.2 13.6 Quantitative

84. Rapid assessment score (an overall stream
assessment score)

81 221 181 27 187 Quantitative

85. Mean % embeddedness of substrate (channel +
margin)

1.8 100.0 36.4 27.6 24.9 Quantitative

86. Mean % embeddedness of substrate (mid-
channel)

1.4 100.0 33.7 27.8 24.5 Quantitative

87. Stream order 1 3 Categorical

88. Dissolved Oxygen (mg/L) 4.6 14.5 10.2 1.8 10.1 Quantitative

89. Stream temperature (C°) 7.9 21.0 12.8 2.1 12.8 Quantitative

90. Turbidity (NTU) 0.14 58.90 2.56 7.73 0.57 Quantitative

91. Conductivity (jtSlcm) 37.0 97.0 56.0 12.0 52.3 Quantitative

92. Streamfiow (m3/second) 0 1.42 0.21 0.30 0.08 Quantitative

93. Residual pools >50cm deep/reach 0 2 0.5 0.5 0 Quantitative

94. Residual poois >75cm/reach 0 1 0.2 0.4 0 Quantitative

95. Residual pools >100cm/reach 0 1 0.2 0.4 0 Quantitative

96. Length of longest residual .pooi (m) 110.0 855.4 224.9 123.9 164.0 Quantitative

97. Maximum depth of deepest residual pool (cm) 8.2 389.8 60.8 63.3 48.0 Quantitative

98. Area of largest residual pool (m2) 0.2 206.6 10.0 27.6 3.5 Quantitative

99. Mean residual pooi length (rn/pool) 22.5 855.4 135.2 135.6 85.8 Quantitative

100. Mean residual pool area (m2/pool) 0.1 206.6 8.1 27.1 1.8 Quantitative

101. Mean residual depth (cm) 0.2 22.0 2.8 3.6 1.7 Quantitative

102. Residual pooi total vertical profile (m2) 0.3 206.6 10.6 27.6 3.8 Quantitative

103. Mean residual pool depth in reach (cm) 4.0 219.8 30.9 35.3 21.4 Quantitative

104. Mean residual pooi volume (m3) 0 1814.3 54.3 237.8 3.0 Quantitative

105. Total Nitrogen (mg/L) 0.03 1.45 0.48 0.26 0.45 Quantitative

106. Total Phosphorus (ig/L) 0.97 126.59 13.42 19.96 7.71 Quantitative



Environmental Measurement Minimum Maximum Mean Standard Median Variable
Deviation Type

Year 1998 1999 - Categorical
Basin (Tillamook or Kilchis) - Categorical



Appendix C: Comparison of Fish Metrics for NMDS Ordination (ordinations in bold were reported in detail in Results
section)

Fish Species Data Used Conclusions R2 Instability Stress
Species relative abundance - all Showed trends in dominant species; 0.905 0.00188 11.94
sites with fish present 3-D solution

Species relative abundance - 1st Showed trends in dominant species 0.859 0.00044 15.05
and 2nd order sites with fish (steelhead less dominant than when
present all sites included); 2-D solution

Species relative abundance, No stable solution; sculpin species
excluding salmonids - several relative abundance alone either had
combinations of sites tried little variation or was a poor descriptor

of the fish assemblage

Species relative abundance, Solution very similar to ordinations 0.904- 0.00101- 10.06-
excluding steelbead and/or chinook including these species - no new trends 0.92 1 0.00366 12.56
salmon - several combinations of in other species appeared when the
sites tried dominant steelhead were removed;

chinook salmon appeared to have little
effect on ordinations; although these
anadromous species' distributions and
abundances may be related to factors
other than on-site environmental
factors, they had little effect on the
spread of sites in fish space; very slight
increases in R2 over ordinations with
all species, but less stable solutions



Fish Species Data Used
Species relative abundance,
excluding reticulate sculpin - a
species present at most sites

Species presence/absence - all sites
with fish

Species presence/absence - 1st and
2nd order sites with fish present

Species relative abundance in
Tillamook only

Conclusions
Same trends as when all species
included; 3-D solution; despite its
presence at most sites, variation in
reticulate sculpin abundance, relative to
other species, appeared to be an
important part of fish assemblage
variation, so when this species was
removed, variation in the assemblage
was much harder to capture on the
ordination axes

Trends very similar to relative
abundance ordination, but species
correlations not as strong, perhaps do to
some species (steethead, reticulate
sculpin) that were present at many
sites; 3-D solution

Correlations of 6 species' presence to 0.947
environmental variables; 3-D
solution; only ordination that showed
coho/environment correlations; very
stable solution; perhaps the removal
of the third order sites allowed
variability of species' presence to be
seen

Some changes in environmental 0.856
correlations; 2-D solution

R2 Instability Stress

0.780 0.00198 15.97

0.00002 7.63

0.01448 14.26

0.925 0.00008 10.83



Species relative abundance in
Kilchis only

Relative abundance of species within
32 age classes

Catch/effort (fish/second) - all sites
with fish

Catch/effort (fish/second) - 1st and
2nd order sites with fish present

Fish Species Data Used Conclusions

Some changes in environmental
correlations (no substrate
correlations); 3-D solution

Age classes and species had nearly
identical correlations to axes for all
combinations of sites tried; breaking
each species into age classes added no
additional information about the fish
assemblage and ordinations were
difficult to interpret

Very few interpretable species
correlations; steelhead and trout <60
mm dominated ordination

Only trout species had strong
correlations to ordination axes - did not
show trends in any sculpin species

R2 Instability Stress

0.917 0.00039 9.49

0.880 0.00041 13.24

0.850 0.0039 1 13.83

0.872 0.000 10 12.30



Appendix D: Twenty-one Groups of Correlated Environmental Variables from which Explanatory Variables for Multiple

Linear Regression Analyses were Chosen (selected variables in bold)

Basin; Total phosphorus

Total nitrogen

Riparian mid-layer estimate - all; Riparian mid-layer estimate - woody; Riparian ground-layer estimate - woody; Riparian canopy

+ mid-layer estimate - all; Riparian canopy + mid-layer estimate - woody; Riparian canopy, mid-layer, and ground-layer estimate

- woody; % of reach with riparian mid-layer present; Riparian canopy estimate; Riparian canopy estimate - trees <0.3 mDBH;

Riparian canopy estimate - trees >0.3 m DBH; Riparian ground-layer estimate - all; Riparian ground-layer estimate - woody;

Riparian ground-layer estimate - bare ground; Riparianground-layer estimate - herbaceous; % of reach with riparian canopy

present; % of reach with riparian canopy + mid-layer present; Mean % canopy cover (densiometer) - mid-channel; Mean %

canopy cover (densiometer) - stream bank; Human influence estimate

% pool; % fast water habitat types; % slow water habitat types; % cascades; % riffles; Mean gradient; Standard deviation

gradient; % boulders; % cobbles; Turbidity; % fines; % coarse gravel; % fine gravel; % sand + fines; % substrate fine gravel; %

substrate coarse gravel; Mean substrate diameter; Mean substrate size class; Median substrate size class; Standard deviation

substrate size class; Erodible substrate diameter; Mean embeddedness estimate - mid-channel + margin; Mean embeddedness

estimate - mid-channel; Dissolved oxygen; Temperature; Mean fish cover estimate - aquatic macrophytes; Mean fish cover

estimate - boulders; Mean fish cover estimate - big

% falls

% rapids

%glides



Residual poois >50 cm/reach; Residual pools >75 cm/reach; Residual pools >100 cm/reach; Residual pool maximum length;

Residual pooi maximum depth; Residual pool maximum area; Mean residual pool length; Mean residual pooi area; Mean residual

depth; Residual pool total vertical profile; Mean residual pooi volume

Mean wetted width; Standard deviation wetted width; Mean thaiweg depth; Standard deviation thaiweg depth; Mean width x

depth; Standard deviation width x depth; Mean width/depth; Standard deviation width/depth; Mean bankfull width; Standard

deviation bankfull width; % bedrock; Streamfiow

Mean bank undercut distance; Mean bank angle; Mean fish cover estimate - undercut banks

Mean bank incision

% sand

% wood substrate

Relative bed stability

Conductivity

Riparian mid-layer estimate - herbaceous

Mean riparian canopy estimate - coniferous; % of reach with coniferous canopy present

Mean fish cover estimate - algae

Volume LWD/m2; Volume LWD/100 m; Pieces LWD/m2; Volume LWD/100 m

Mean fish cover estimate - LWD; Mean fish cover estimate - brush; Mean fish cover estimate - all; Mean fish cover estimate -

overhanging vegetation

Year sampled



Appendix E: Plots of Stress vs. Iteration Number for NMDS Ordinations (output from PC-ORD)
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Kilchis Subbasin Sites (continued)
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Tillamook Subbasin Sites (continued)
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